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CHAPTER I 
INTRODUCTION 
1. Introduction ·· 
The gra·de placement of scientifi c principles has been undertaken by 
the Boston Unive·rsity School of Education, Science Department, as a 
project to be carried on through the succeeding years under the direc-
tion of Dr. John G. Read. The experiment will be concluded when enough 
pupils and schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumulated, the ex-· 
tent to which the study will have to be carried should become apparent. 
When a sufficient number of principles has been · tested a complete 
overall report can be written giving ··· the conclusions. That is, there will 
be a 'percentage of learning' index for each principle for each modal 
mental age level. From this index it should be possible to ascertain 
that if a certain principle is taught to a certain modal mental age 
level then a certain percentage of the pupils can be expected to learn 
the principle. 
This year both the background for the study and the design of the 
experiment are being done under the guidance of Dr. Read and 
Mr . Herbert Oxendine . Also, the first group will start the experiment 
with each experimenter taking one principle. The teaching method will 
be a lecture-demonstration. The amount of learning will be measured 
by identical tests given before and after the lecture-demonstration. 
Data to be gathered will consist of the test scores, the pupil's I.Q., 
M.A., C.A., sex, previous science instruction and science background. 
2 
The results to be found by each individual participating in- this study 
will be for on-ly one or two grades in· several schools. This will give 
an indication -of -the next grade that should be tested depending upon 
the · 'perc.e:ntage of learning' for that- moda-l · mental · age level. 
As the study· proceeds investigation into these principles · will be 
continued and others started until there is an index of the 'per·centage 
of learners' for each modal mental age level for- each principle. Each 
experimenter starting a n ·ew principle will leave his material for many 
teachers -in-service to use when he is finished. This will in-clude 
the demonstration, a copy of the · script, a tape recording- of one of 
the actual lecture-demonstrations and the test. The same material 
will be used throughout the study for the same principle . The sample 
of schools will be ch sen each year · so that complete coverage may 
be made of each socio-economic level for grades 3-12. 
It is assumed for this study that there will exist a difference in 
the percentage of learners at different mental age levels. It is also 
assumed that the time spent- in a good demonstration with a care-
fully prepared talk would produce a small increment of learning. 
The committee whose responsibility it was to compile the data in-
cluded in the literature as background for this study consisted of the 
following members under the chairmanship of Norman G. Mills: 
Isabel L. Bouin 
John T . Callahan 
James Creighton 
Wallace J. Gleekman 
Eugene H. Goldrick 
George F. Griffin 
Robert H. Jackman 
Eleanor Kancevitch 
John G. Minot 
Henning A. S 'ahlberg 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
3 
4 
2. Justification 
Very little· s-cientific evidence· is· available on the grade placement-
of science principles·· Be· cause of the great· incr·ea·se of· sci-entific 
knowledge, educator·s emphasiz·e the need for·· research· that will de-
termine the age levels at which- science· concepts, principles and 
skills may be introduced into the curriculum with optimum effective-
ness. 
Beck .!._ / states that because scientific knowledge is accumulating 
at such a rapid rate, there is neither time nor excuse for teaching 
the elementary scientific concepts in the higher grades. He points 
out that the scientific background and foundation prerequisite to an 
understanding of the individual science courses offered in the hig-h 
schools are lacking in the beginning students. To find a solution to 
this problem, he suggests that research be started to determine,' 
... what fundamentals of- science can we expect most children of si-
milar ability and cultural background to master at each maturity 
level'. Y 
From a Progress Report of the Committee on Research in 
Elementary Science for the National Association for Research in 
Science Teaching, VEmilll/ believes that with the great expansion 
1/ Alfred D. Beck, 'Some Unanswered Questions Pertaining to the 
Organization of a Twelve Year Science Sequence\ Science Education 
(April, 1948), 34:176-177. 
!:_l Ibid. , p . 17 7 . 
3/ John Verrill, 'Needed Research Studies in the Junior High Schools\ 
Science Education (April, 1948), 32:17 5-185. 
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of scientific knowledge , concepts which- previously have been r-eserved 
for high school science courses will have to be taught in the junior 
high schools . He summarizes that , ' . ;.studies should be made on 
pupil readiness fo-r more advanced science concepts. •l_/ 
In the Thirty-first Yearbook the National S-ociety for the Study of 
Education~/ suggests that a twelve-year sequence of science be taught, 
based on the broad generalizations of science. As an outgrowth of 
this plan, many problems for research were recognized. Morris-on~/ 
places the selection and sequences of courses within the curriculum 
and the grade placement of topics at the top of a list of needed re-
search in science teaching. 
However, research on the location of curricular material in science 
classes is complex. In order to make such studies objective and mean-
ingful, educators, says Bellack, must take into consideration the basic 
findings from the fields of educational philosophy , sociology, child 
growth and development and psychology of learning . .±/ 
The writer believes that the aim of education is to give some 
meaning , some security and purpose in life. Ideally , education should 
provide an understanding of the diversity and richness of the present-
!J John Venill , op. cit. , :t-:. . 17 5. 
2/ National Society for the Study of Education, A Program for Teaching 
Science , Thirty-first Yearbook, 1932 , Par t I, The University of Chicago 
Press, Chicago, Illinois. 
3_/ Ibid., p . 354 . 
4/ Arne A. Bellack , •sequence and Grade Placement•, Journal of E duca-
tional Research (April , 1948) , 41 :623. 
6 
day world and take into- account our uncertainty · orr · ideas of life and 
the universe. More specifically, science education seeks to teach 
effectively those principles and skills of · science which touch so 
largely upon everyday life . The aims of science teaching are con:-
tributary to the aims of education, mainly, as Bellack says , .. life 
enrichment. " _!_I 
In our society great emphasis is placed on education , Laws com-
pel schooling up to a certain age, and all children are assured a free 
education. It is the school's responsibility both to society and to the 
children to present those activities which will prepare the individual 
student to participate inte1ligently· in· our democratic· society . 
Bellack~/ further says, .. In planning the sequence and place ment 
of school experiences, then, consideration must be givenat every stage 
to the demands of society in regard to both the important responsibi-
lities of citizenship and the great variety of learnings and· adjustments 
occasioned by circumstances peculiar to our culture .·~ 
In part, grade placement of curricular material is a matter of 
providing experiences at each grade level which are suitable to the 
maturity le:vel of the students and are designed to achieve the 
objectives of the program._l/ Kingsley defines maturation as " the 
}) Arno A. Bellack, op. dt ., p. 42 . 
!:.1 Ibid., p. 623. 
2/ Ibid., P• 625 . 
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norinal physical growth of the physi ologi cal functions ;. If these physio-
logical structures have not developed to the poi nt where the child can 
carry on the activity essential for a particular kind of learni ng , it is 
quite obvious he will be unable to achieve success in this direction . "1/ 
In order to obtain the maximum efficiency in learning , maturation 
of the child must be considered carefully . Hilbreth ~/ points out that 
if a child is presented with a problem · which is beyond his maturity 
level, he will reduce or simplify the problem to his own realm of 
understanding· which may · lead ·to misconcepti ons and make learning 
more difficult when the proper maturation level is reached. Washburnei/ 
points out that if a child is presented with a problem· above his maturity 
level with the implication that he · should succeed, it will give him a 
feeling of failure and undermine his security . u lnste.ad we must guide 
him into those learning situations that he can attack effectively and with 
sufficient success to yield satisfaction, encouragement and growth." .±/ 
Many of the studies that have attempted to assign learning experien-
ces to definite maturity levels have been concerned with motor-skill 
development in pre-school children.-.?/ But a number of studi es have 
1/ Howard L . Kingsley , The Nature and Conditions of Learning, Prentice-
Hall Inc., New York, 1949, p . 49 . 
2/ Gertrude Hilbreth, u The Difficulty Reduction Tendency in Perception 
and Problem Solving", The Journal of Education Psychology (April, 1941), 
32 : 305-313. 
3/ National Society for the Study of Education , Child Development and the 
Curriculum., Thirty-eighth Yearbook, 1939 , Part I , Uni versity of Chicago 
Press, Chicago , Illinois • 
. ~/ Ibid . , p. 3. 
5/ Marian E . Breckenridge and Elee Vincent, Child Development , 
Saunders C "'mpany, Philadelphia , 1949 . 
W. B. 
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been made to determine · the role that maturation plays in · the develop-
ment of various concepts., among · them that· of Pistor Y who conducted 
an experiment · to ·determine how time concepts are acquired by chil-
dren, Two groups· of 320 children were used in the study. In grades 
four and five, traditional separate · courses in geography and history 
were t~ught to one group while the second gr·oup was taught geography 
as a major course and history incidentally . In the sixth grade the 
first group was given instruction with special attention · placed on time 
charts, time lines and other ·teaching aids . The other group had 
regular instruction with no special importa-nce placed on time concepts. 
Through analysis of test results at the completi on···o£ the sixth grade, 
it was found that the group with special instruction gained slightly , 
but not significantly , in time-concept understanding, over the gr·oup 
without special instruction~ Pis tor concludes that ~ -~~ .. evidence points 
heavily in favor of maturation · rather than training as the dominating 
factor in time-concept development. u !:._/ 
Piaget ].__/ attempted to assign stages in the child '·s thought develop-
ment to maturity levels. Through personal interviews , questions were 
asked relating to the child ' s ideas of the causes of natural phenomena . 
1/ Frederick Pistor, i ~ Row Time Concepts Are Acquired by Childre~ ... , 
EducaHonl!.l Method (Nov , 1940) , 20:107-112 . 
~/Frederick Pistor, op. cit, p. 111. 
3/ Jean Piaget, The Child ' s Conception of the World, Harcourt, Brace 
& Company, Inc. ~ New York, 1929. 
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The responses· ·were then··pla:ced i n · categories · developed by Piaget. 
For example, Piaget traced three steps in concept developm·ent relating 
to the origin of the- sun and ·the· moon·. The first · step was that of 
artificiality of that the sun· and moon · were made by some human being. 
The second step was a belief that · the sun and moon were developed 
by a combination of artificial and natural causes. The third stage 
in this development was the belief in a completely natural origin 
of the sun and the moon . The implication was that the child passed 
from one stage to another only when he had reached the proper 
maturity level. Due partly to the complexity and the subjective 
nature of interpreting the responses of the children, Piaget's method 
has been criticized and his condlusions challenged . 
Deutsche~/ conducted a study at the University of Minnesota in 
another attempt to trace the development of concepts of causal rela-
tions in children. Identical demonstrations and tests were given to 
children in grades three through eight. Three experts familiar with 
Piaget's work attempted to classify the answers to the test items into 
Piaget's categories. There was little agreement among the jury as 
to where each response should be placed. It was found that there was 
a great deal of overlapping, that most kinds of answers were found 
over the entire age group and that the answers of children of a 
given age group could not be classified into a single type. Deutsche 
1 / Jean Ma:rquis Deutsche , The Developmen t of Children 's C oncepts 
c;r-causal !elations , The University of Minnesota Press , M i nneapol .5,"""" 
1937. 
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concluded that "Causal thinking apparently· does not develop by stages 
but by a gradual process ... _!/ She also found that the adequach of 
the answers to the test questions increased with age, and the greatest 
increase noted was between the ages of ll and 12 years .Y 
Haupt~/ sought to gather evidence to find out if young children 
were capable of the mental activities associated with the "large 
generalization" type aim. His study was limited to grades one through 
six. Haupt found that the ability to generalize prevailed at all grade 
levels, but that this ability was limited by the complexity of the con-
cepts studied. 
Croxton's .±/ study also indicates that children · in ·the higher pri-
mary, the intermediate and the junior high school are capable of 
generalizing. 
However, grade placement of curricular material is not entirely 
a matter of maturation. It is a matter of learning readiness which 
includes maturation, experiential levels, interest and attitudes, social 
pressures and training. But these factors are extremely difficult to 
separate for study. In the human body every organ is an integrated 
}) Jean Deu1sch.e, op. cit., p. 93. 
!:_/ Ibid., , p. 29-42. 
3/ George W. Haupt, An Experimental Appli,cation of a Philosophy of 
Science Teaching in an Elementary School, Teachers College, Columbia 
University C ntributions to Education, No. 633. Bureau of Publications 
Teachers College, Columbia University, New Y""'rk, 1935. 
4/ W. C. Croxton, " Pupils Ability to Generalize", School Science and 
Mathematics (Jan. 1936), 36 : 627-634. 
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part of the whole body. If one organ is malfunctioning', it will affect-
the normal activity of the whole organism·. Simtlarly, the child is a 
composite of many factors, each affecting the functioning of the other-. 
All experien-ces, according to Dewey)/ both· take up something 
from those which have gone before and modify in some way the 
quality of those which come afte-r. Westl:./ says that it is useless. 
to show that a given volume of warm air is lighter than the same 
volume of cold air before the concept that air is something that 
has weight and occupies space is understood. So while the pupil 
may be at the maturity level for understanding a certain concept, 
if the necessary background is lacking; he will not learn effec-
tively. Even if the maturity and experiental levels are adequate 
for learning, lack of inter·est or proper attitudes; inadequacy of 
tea 'hing method and materials may account for· unprofitable learning. 
This study is designed to establish a learning index of the 
various scientific principles. This learning index will indicate the 
approximate mental age level at which these principles can be 
taught effectively to children of similar ability and background. ·Be-
cause of the complexity of the learning process, absolute values as 
to where each principle should be include-d in the curriculum is not 
1/John Dewey, Experience and Education, The Macmillan Co., New 
York, 1938, P ~ 7, 
2/ Joe Young West, uno We Expect TooMuch or Too Little of Children 
Tram Their Experiences in Science?" Science Education (Oct. 1944), 
33:298. 
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expected, but the results may·- prove helpful to curriculum · planners 
in determining the grade- plac·ement of thes-e principles·. The re-
sults of this study will be- of importance to classroom· teac-hers, 
textbook writers, standardized-test -makers, · and pr-oducers of 
visual-aids. It may , moreover, help bring about an orderly, sys-
tematic teaching of science, resulting in more and efficient learning. 
3 . Design of the Exp-eriment 
A. Scope and Limitations 
13 
The objective of this study is to establis h a learning index for 
a number of scientific principles both in the elementary and secon-
dary grades, the total study being made over a period of approxi-
mately ten years. An index nf learning is to be assigned to each 
level at which the experiment is carried out . 
A beginning has been made here by twenty-eight students working 
with different principles . Subsequent investigators using identical 
techniques with the same or· other principles at _different age levels 
may, after having secured data on a large number · of pupils, pre-
dict with some accuracy where a certain principle might be taught 
with knowledge of its being understandable to the majority of pupils 
at that age level. 
The procedure to be described is essentially the same in all the 
studies made by those twenty-eitht investigators . Howevel,", since 
certain of these persons could not , of necessity, meet all of the 
conditions here set down because of their own teaching duties , the 
procedure has had to be slightly varied in such cases. Whenever any 
changes have been expedient, it will have been noted in subsequent 
chapters. 
The population used in the study made by this first group of 
investigators is composed of pupils from the third to the twelfth 
grades . They are a stratified sampling of the school population of 
several New England states . 
14 
Each pupil's mental age is known through the use of chrono-
logical age, as furnished either by the pupil himself or the teacher, 
and the I.Q. obrai,ned from the results of the administration of the 
Otis Quick-sc·o~ing intelligence test. This enabled the experimenter 
to establish the mental modal age for each grade division of pupils 
tested. 
The pupils whose test 'scores are included in the study all have 
mental ages within the limits of one year from the highest to the 
lowest. Once the modal mental age had been established, only the 
scores of those pupils with mental ages of plus or minus six 
months from the mode were selected to be included in the subse-
quent analysis. 
Each investigator has examined two class divisions in five 
schools. Of the total of ten groups included, five are samples of 
the same grade level and the other five are samples from a diffe-
rent grade level which are separated from the first five samples 
by two years; that is, if a particular investigator chose five tenth-
grade divisions, he will also have chosen either five eights- or 
five twelfth-grade divisions. 
Two examinations have been given to all pupils included in this 
study. The first will be known as the pre.-test and the second as 
the post-test. They were identical. The post-test was given within 
an hour after the administration of the pre-test. The time lapse 
between the two was occupied either by the presentation of a 
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demonstration serving to illustrate the particular principle being 
tested, in the case of what is known as the experimental gl"'oup, or by 
reading non-relevant material · by the group to be known as the control. 
Strict discipline was maintained in each group in order · that · the 
pupils might not communicate with one another or be distracted from 
the examination or the demonstration given; 
The demonstration was of large enough ~ ~ize, and was well 
lighted, so as to be seen by all the pupils in the class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investigator of a 
principle to be demonstrated and tested. Such accepted lists as that 
compiled by Robertson!/ were consulted. 
A review of the literature established that the teaching of princi-
ples is an effective method for teaching science . It was found that 
facts were retained better when pupils were taught by principles. 
Also, relationships in applied learning were perceived more easily. 
Further findings on science teaching by principl~s are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more demonstrations 
which illustrated the chosen principle. The time allotted for this 
teaching material was in most cases approximately 15 minutes. These 
demonstrations were necessarily simple, large, and contained as nearly 
as possible the ''purity of concept .. which has been interpreted by 
1/ Martin L. Robertson, "Selection of Science Principles Suitable As 
Goals of Instruction in the Elementary School'', Science Education 
(April, 1935), 19:65-70. 
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Nichols!/ to mean- that - the- demonstration illustrates one and only 
one principle. But if all other principles could not be eliminated, 
they were jud,ged not to lead to a misconception of the material 
taught. 
The demonstration material of each experimenter was decided 
upon and the apparatus set up after having been presented to and 
passed on by a board consisting of a small group of investigators, who 
in turn, held their demonstration material up to scrutiny by fellow 
board members. 
In a subsequent section of this thesis are discussed the cri-
teria for a good demonstration. The eleven pertinent points are 
summarized as follows: 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one principle only. 
3. The action of the demonst111tion should be clearly visible 
to all. 
4. The apparatus should be on a large scale. 
5. The demonstration should be simple and the speed of action 
suitable. 
6. The demonstration should work; it should be as infallible 
as possible. 
7. The demonstration should be dynamic. 
1/ W. M. Nichols, New and Improved Demonstrations For Use in 
Teaching Scientific Principles in Chemistry, Unpublished Master's 
Thesis, Boston University School of Education, 1950, p. 4. 
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8. A slight--dramatic element- is -some·times us·efuL 
9. A,p. _element of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and inexpensive 
material, 
11. The ·apparatus used in a given demonstrp.tion should be 
stored away intact until it is to be used. agairr. 
All members of the group have adhered rigidly to these criteria. 
It might be mentioned here that research, which will be des-
cribed in Chapter 2, on the idea that demonstrations are effective 
brought to light the fact that the demonstration is equal to or better 
than any other method of teaching science. Thus it is seen that if 
a particular scientific principle can be taught at a certain age level, 
the demonstration method is as good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third step in the proce-
dure was ~allowed. Each investigator devised a test of the four-
answer multiple choice type to be administered in not over 15 minutes 
time. Th~f type consisted of approximately thirty items divided into 
three groups. The first ten items were based directly on the demon-
stration to be given. The second group consisted of items which in-
valved transference; that is, these items did not test an understanding 
of the dempnstration directly but tested the ability to apply the scien-
tific principle · involved to other simple nearby situations. The last ten 
items were more difficult; they involved an application of the principle 
but were of such a nature that correct ' answers might be made ·by the 
pupils who had gotten the most from the demonstration. 
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All of the items were so worded that- the pul'il could be given this 
test before the demonstration had been seen -and yet ~swer the questions 
if he understood the principle. For example!' a question might be begun 
with a phrase such as 11If a tight wire isplucked, •••••• nll etc. 
In order to establish a suitable vocabulary for the items on the 
!I 
test, Thorndike Vs Teacher's Word Book was used. · This · volume lists ==;;.;;..;;;......;;. __
words used most often in standard English reading materialo Words used 
in the items were compared with the list to suit either the elementary 
or the secondary grades., If the particular words were not mentioned!' 
others h~d to be substituted. The final form of the test· contained a 
vocabulary which was -stiitable to -the- level at which each investi gator was 
working. A copy of thE! writer's test is included in the appendiX. 
The test items were put in the interrogative fonn whenever practical 
with the answer to each consisting of one correct response and three dis= 
tractors. 
When the test was completed, .. it was -pres Ell ted to the same board which 
had previously judged the quality of .. the ·· demonstration materiaL The i terns 
were passed if, in the opinion of the board,\) they were valid. An answer 
sheet for the test was devised--whereby an enclosed space ·was left after 
the number of each item for the letter of choice. 
!J Edwar~ L. T~orndike and Irving Lorgell The Teacherus Word Book of 
30,000 Words, Bureau of Publications, Teacherus College, Columbia 
University, New York, 1944. 
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The fourth step in the procedure involved the administration of 
the test to approximately one hundred pupils of- the same grade level as 
the pupils for which it was finally intendedo The results were incor-
porated in an item analysis - ~ich is described in a +ater section of this 
thesis. Any items which were shown not to be -serving especially well 
were left on this final form of the · test but only those items which were 
functioning well were used in subsequent compilations. 
-As the fifth step, a script to accompany the demonstration was written 
by each investigator using a suitable vocabulary · selected from Thorndike's 
word list.!/ This was not to be· read- to · the experimental group while the 
demonstration was shown but served as -a guide for · the demonstration 
lecture, key points of the written procedure ·having been .. committed to 
memory by the experimenter. This -minimized the probability of the indi-
vidual lectures varying widely from day to day• 
The investigator then presented his lecture -and demonstration to a 
few pupils inviting comments --after the presentation. In this manner both 
the script and demonstration were -refined. 
At this point in the procedure, --the -test and the demonstration were 
ready to be given. Each investigator had written to superintendents of 
schools, receiving permission to -test pupils of two particular grades in 
each school.. Al.together five schools ·were -se-lected and the· pupils of two 
grade divisions in each school were chosen as subjects for the experiment • 
.!/ Edward Lo Thorndike and Irving Lorge, .2.E,o cit. 
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In some cases ~ investigators chose the el ementary gr ades and in others» the 
secondary. 
The sixth step involved the admini str ation of the Oti s Quick-scoring 
intelligence test 3 by the investigator or the teacher of each particular 
divisiona during a period within two weeks or the demonstration. 
The largest part of the exper imental work is -contained in the seventh 
stepo On a prearranged date at a prescribed hour all the · student s of one 
class were pre=tested at the same time; -that is3 the examination was pre= 
sented to the pupils before the principle -was demonstrated;; They were 
first given a test booklet and an answer sheet -marked Test l on which there 
was a place for the filling in of the -following infoT.mation~ name» sex3 
date of birth3 name of school and town~ and the previous training each 
pupil bad in scienceo With regard to some or- these items ~ in the lower 
elementary grades the information noted had to be checked and3 many times 3 
supplied by the teacher. 
Each answer sheet contained a random number in the upper right hand 
corner and also a place for the investigator to later fill in any informa~ 
tion he desired such as soeio~economic background3 I.Q. 3 etco A sample 
answer sheet is shown in the appendix. 
The time allotted for the pre- test -was approximately fifteen minutes. 
At the end of this time the answer sheets were collected and half of the 
pupils in the class were sent to another room~ after handling their test 
booklets to the demonstrator or the teacher in chargeo The remaining 
half kept their booklets and stayed in the room t o see the demonstration. 
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Half of the pupils were randomly selected according to a method 
used by Lindquist!/. A table in his book was consulted and utilized. 
To explain the use of the table, it is perhaps expedient to use a hypo~ 
thetical class in a single run of the experiment. Since there are 36 
pupils in this class and half are to be selected at random, lS pupils must 
be chosen arbitrarily. The first st-ep -is to assign numbers from 00 to 35 
to the 36 answer sheets. This may be done in any order. Then it is 
necessarY to select a starting point on the table by referring to a column 
y 
and row number. As Lindquist states,; · 
"This starting point should be- determined before looking ·at 
any number in the table. Once having selected the starting point 
and direction, no pecularity in the numbers read should be permitted 
to cause one to disregard the results and start anew at another 
point." 
From the starting point and reading in the chosen direction, the first 
lS unlike numbers below 36 are taken and the pupils previously a~signed 
these numbers are then one of the halves of the class• 
After the class was divided, the answer- sheet-s for the pre-test were 
collected and half the class was · remov·ed-, --as--- stated above. This half' was 
designated as the control group. They spent the next 15 minutes reading 
silently some non-science material in another room. 
Up to this time, the demonst-ration apparatus, which had been previously 
placed in the room where thepre-test had been given, was kept covered with 
a cloth. With onlY half the original group present, these demonstration 
y Eve ret F. Lindquist 3 Statistical Analysis in Educational Research 9 
Houghton Mifflin Co~pany; Boston, 1940, table 18, p. 262. 
y ~., p. 26. 
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materials were uncovered and the invest igator began his experiments with 
his accompanying remarks of explanation. 
When the demonstration ~ having lasted approximately 15 minutes~ was 
over, a post-test answer sheet marked Test 2 was distributed to · each pupil. 
This sheet was the same as that for the pre-test with the exception of the 
identifying test number. The original closed test booklet ~ which was to 
be used for the post- test , had been placed in the upper right hand corner 
of each pupil's desk. The group had previously been cautioned by the 
demonstrator not to open the booklets or talk ·among themselves while he 
was experimenting • 
. The post-test, being identical. to the pre-mtest since ·the test booklet 
contained only the one test, was -then administered to this experimental 
group. At the end of the allotted 15-minutes, the booklets and both 
answer sheets were collected. 
-.Meanwhile in the room to which the other half of the class , the 
control group, had moved, thesame post- test was given as was administered 
to the experimental group by a teacher who also Sllpplied· the pupils with 
an answer sheet marked Test 2 and a -test booklet. After about 15 minutes 
had elapsed, the papers and booklets were collected. 
In the cases Where the investigator was working with elementary 
grade school pupiie, the demonstration was given ·to the control group 
aft,er they had taken the post-test because -of the interest they undoubt-
edly had, because of administrative reasons, and, more important ~ because 
the time element was not such an important factor as it was · in the 
secondary school where the control group was not given the ·demonstration. 
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This same procedure was repeated with individual divisions in each 
school until, as mentioned above, data on a total of ten divisio.ns in 
five schools was collected. 
·It has been found that a reliable method of measuri ng th~ amount of 
learning of some specific activity, is by means of the test- retest method. 
By using the test- retest method, the level of previous knowledge concern-
ing the activity may be established·., · Using this information any gain in 
knowledge can be easily establisped., . A detailed: section on the test 
technique will be found in the next chapter• · 
The eighth step in the experimental procedure inv-olved the compila~ 
tion of statistics using the scores on both the pre- test and post-test, 
the group modal mental age -which had been·- computed from the ·I .. Q .. and the 
chronological age of each -pupil·., · As was -stated above · only the scores of 
those pupils with mental ages -of plus or minus six months from the mode 
were included in the statistical analysis., If a pupil of the experimen-
tal group showed a lack of understanding of. the questions relating 
directly to the demonstration on his -post- test , hi s scores were excluded 
from the analysis., A score which was less than 80 per · cent correct on 
this part of the post• test lllas not used., ·· · The second chapter of this 
thesis contains a detailed explanat~on of how the scores were handled 
statistically., 
The nihth and final step of the procedur e. was the-making of a tape 
recording using the previously re-fined script for the demonstration 
lecture. When this had been done and the resulting recordi ng found 
24 
satisfactory~ it was packaged along with the-test bookl-et s ~ sample answer 
sheets, and the demonstration materialo In this wayj) all necessary 
information and equipment will be ready for future investigators using 
the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
lo Teaching by the Use of Principles 
The teaching of science by principle rather than by extraneous 
collections of facts ha·s been· generally accepted by · educators. The 
Thirty-first Yearbook of the National Society for the Study of Education, 
says that life enrichm.E!l t 3 the aim of education 3 can best· be · achieved if 
the schools activities are 11of the kind from which ideas ·may be developed 
and if the ideas may in turn be associated · into principles and generaliza-
tions that are interwoven into human experience. Functional learning is 
' 11 
conditioned upon attainment of soine- such integration. 1~ · 
Hoban says: "Education is not simply the accretion of information. 
It involves the fundamental kno-m.edge and ~he understanding of the basic 
principles of the universe3 of which man. is a part. ,,3/ 
The inductive method-.-Here the learner arrives at a general con= 
elusion, e.g. certain laws of physical sciences.9 by examining a number of 
individual cases. The weakness in this method is that there is a possibility 
of too general a conclusion, as the enumeration of particulars can never be 
totaled. For example after several enumerations of plants having flowers 
such as, the cactus has a flower; the buckwheat has a flower; the stringbean 
!/ National Society for the Study of Education 3 A Program for Teaching 
Science, Thirty-first Yearbook, 1932, Part I, p. 242, The University of 
Chica&o Press, Chicago, Illinois. 
g/ Charles F. Hoban, Focus on Learning~ American Council on Education~ 
Washington D.C., 1942, Po 34o 
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has a flower; we might conclude all plants have a fiowero This is too 
general a conclusion as there-are -activefungi which do ·not possess 
flowers. Induction is thus essentially imperfect -as a mode .of reasoning3 
though invaluable as a means of fixing general principles and laws . amid 
th . f t . ul . t. . . . 11 e success~on o par ~c ar~ ~es g1.ven ~n exper~encee · 
The deductive methodo~The learner· reasons from a principle to a 
particularo It is in this method that we shall be mainly interested~ for 
we are basing our whole experiment on the reasoning · powers· of the learners 
to go from the principle to a particular inference to the principles in 
their learning processo For example: · If ~ learner understands the 
principle of friction he can deduce that heat . is released and wear between 
the surfaces takes place when one body is rubbed over another;;·· 
A large amount of our teaching attempts to pupils to see the implica~ 
tion of the laws~ principles and rules that they may have learned. As 
contrasted with induction3 deduction is a much simpler and sporter process. 
It is an unusual sit1;1ation when a bit of deductive teaching lasts longer 
than a few minutes. 
Advantages of deductive .educative teachingg 
1. Much more simple than the inductive method 
2. Results . in very desirable outcomes 
3. Introduces factors of _organization 
4. Makes meaningful the principles that have 
been mastered already 
5. Arouses puzzle or questioning instinct 3 a 
very valuable aid 
}} R. J. :U:c CaJ.19 Basic Logic 3 Barnes & Noble Inco 3 New York9 1947. 
6. Helps pupils to derive their principles from books 
or demonstrative techniques.!/ 
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Jones, Y Leonelli,.2/ Martin ¥and others- h_ave- empha-sized the value 
of teaching science by principle, -and have listed hundreds of principles. 
However, there is some disagreement asto what constitutes a principle. 
Heirunann defines a principle as "a statement of relationship between two 
or more facts."2/ 
Wilbur• s definition as- stated by Martin§/_is much more precise and 
makes a principle a ver,y specific kind of generalization. His criteria 
state that a principle - - -
11 Is stated positively and definitely 
Is true but with rare- exceptions within the limitatione 
set up by the statement 
Clearly states or implies a -dynamic proceB!!J ' or interaction 
Is demonstratable experimentally 
Is clearly not a part of a larger principle which c~ be 
clearly stated 
Is not merely a definition or description 
Has wide application in the natural environment and is 
not ruled out by any of the preceding criteria." 
1/ C. E. Holley, The Teacher's Technique, The Century Company, New York,l924. 
y Ruth v. Jones, A Study of the Principles of Science Found in Ninth-
grade Textbooks of General Science, Unpublished Master's Thesis, University 
of llichigan, 1946. 
2/ Renato E. Leonelli, Principles of Physical and Biological Science for 
Grade Eight, Unpublished Master's Thesis,qBoston University;, 1947. 
y w. Edgar Martin, 11A Determination of the Principles _ of the _ B~ological 
Sciences o:f Importance :for General Education", Science. Education 
(March, 1945), 29:100-105; (April~ay, 1945), 29:152-163. 
2/ Ailsie M. Heinmann, 11A Study of General Science Textbooks", General 
Science Quarterly (November, 192S), 13:11. 
Y William Edgar Martin, "A Chronological Survey o-f--- Research Studies on 
Principles as Objectives of Instructiop in Science", Science Education 
{Februar,y, 1945), 29:45-52. 
28 
Robertson's definition of a principle was the result of many weeks 
of consideration by a seminar in science teaching under F. Do Curtis 
. !I 
at the University of Michigan: 
11a. To be a principle a statement must , be a comprehensive 
generalization 
b. It must be true without exception within limitations 
specifically stated 
c. It nn.1st be a clear statement of a process or an 
interaction 
d. It must be capable of illustration so as to gain 
conviction 
e. It must not be a part of a larger principle 
f. It must not be a definition 
g. It must not deal with a specific substance" 
With this definition, Robertson sought to detdrmine a comprehensive 
list of principles suitabl~ as goals of instruction for elementary .schools. 
He evaluated nine separate studies listing principles found in textbooks, 
ar:ranged according to frequency and stress, by a jury of three science 
teachers and several subject matter specialists. A list of the 243 
principles found was sent to fifteen elementary school science teachers and 
from their ratings 113 principles were chosen. These are the principles 
used in the present study. 
Some results.--There is considerable evidence that scientific 
principles can be taught effectively to students at the secondary level. 
Freud and Cheronis readministered a comprehensive test to students of a 
survey course in physical science one year aft·er the course had been 
completed. They found that principles and the ability to apply such 
y Martin L. Robertson, "Selection of Science Principles . Sui table as 
Goals of Instruction in the El.emehtary School", Science Education 
(February-April, 1935), 19:1-4, 65-?0o 
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principles were retained much better than were unrelated facts.!! 
Babitz and Keyes paired eight classes- in chemistry in two Cali-
fomla 111gb .S.chools. Fou.r of the classes, designated as the control 
groups, receiv,ed -standard instruction; the other four designated as the 
experimental groups, had direct and intensive training on the application 
of principles. The tests administered at the end of · the experiment re-
quired the solution of pro'blems -in chemistry -and the identification of 
scientific principles related these· two. All the experimental groups 
showed superiority over the control groups in the same schools. The 
differences however were not statistically significant. 6/Kilgore paired 
120 students in high school physics with respect to their previous ex-
perience in science courses · studi-es -and · I.Q• He found at the end of his 
study that students of both high and low ability were significantly better 
in making applications of principles of ppysics when the instructor placed 
emphasis on such application.li 
The evidence from these studies · seems to indicate that the learning 
of principles of science, and the ability to apply them, may be attainable 
y Henrietta z. Freud, and Cheronis, N. D., "Retention in the Physical · 
Science Surve,r Course", Chemical Education Journal (June,l940),18:288-293 
-- -
y Babitz and Keyes, . 11An Experiment in Teaching Pupils to Apply Scientific 
Principles", Science Education (December, 19.39), 2.3:.367-370. 
2/ :W• A. Kilgore, "Identification of Ability c;>f Apply Principles of 
Physics", Teacher's College Contribution to ~i:iucation, No. 84o, Columbia 
University, New York, t941, Po .34. · 
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objectives of the teaching of science at t he secondary l evel provided 
such objectives are emphasized in instruction. 
~o The Lecture=Demonstrati on Method of Teaching 
A. The Effectiveness of Lecture-Demonstrations 
The areas whi .ch will be treated in this section are to define 
and describe the term lecture=demonstration, and then to quote freely the 
written opinions of science educators with regard to t he use of demonstra~ 
tions in science teaching, describing the psycho-logical and logical basis 
for the use of demonstrations in teachingo Then, a review of the research 
in which the lecture-demonstration is compared with other methods of 
science teaching will be presented. 
Before discussing desirable- qualities in a demonstrationll Ma.cJ/, in 
describing and defining a demonstration, says in part~ 
"Inherent in the concept of demonstration is the factor o:t 
movement of a material thingll not a static condition or dis= 
play. A demonstration is an app.eal through the senses of 
sight and of hearing)i and less fr-equently through the 
other senses. Results must follow the purpose~ there must 
be convictionll compelling to an inescapable conclusion." 
Regar~ng lecturfl'-demqnstrations, Stuit and Epgleharty e.xprese their 
definition by stating~ 
"The term lecture-demonstration is used to d~scribe a-. method of 
teaching in which thet~acher carries -out ·a demonstration for 
the entire group and lectures in parall~l with it. The students 
ob13erve the demonstration and ask any questions which they desire 
about the demonstration or theory involved. u 
y Joseph Ao Mackll 11Desirabl e Qualiti e!l in Demonstration Apparatusii 3 
School Science and Math ematics (January,\) 1950), 50g2L. 
y Dewey B. Stuit.ll and Max D. Englehart,~~ 11A Critical Summary of the / 
Research on the Lecture=Demonstration Versus _ the _ +ndivid~a1 Laboratory 
Method of Teaching High School Chemistry19 :J Scienc e Education (October,l932) 9 
l6gJ80~ ' 
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Any discussion of the use of the danenstration in science teaching 
should be related to certain principles of learning. Potthofr!/ has ex-
pressed awareness of such a relationship in the following writing: 
"The use of the concrete, particularly where it deals 
with the unfamiliar, can provide an experimental basis 
for learning, whether. that learning be remembering facts, 
understanding processes, ·seeing relationships, or getting 
an idea of how motor skills are executed. Direct ex-
perience, especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, stimulate 
his interest, and arouse his curiosity. Demonstrations 
can be helpful also in facilitating comprehension of the 
abstract, giving reality to the spoken word, and reinforcing 
it by providing impressions through· several sense avenues. 
In general, learning ·may be more meaningful, more accurate, 
more complete, and more permanent if it is based upon 
actual experience with that which is being studied. 11 
Additional emphasis on the importance of the real or direct ~erience 
in learning has been made by Richardson and Cahoon in Methods and Materials 
21 . 
for Teaching General and Physical Scienc~ They stated that: 
"Probably the most usual use·· Of _!.he demonst-ration is for 
illustrating and explaining scientific principles and 
their applications. For most students seeing the real 
thing is much more helpful than reading about it or 
looking at a picture ·of ·it. 11 
Whether the demonstration precedes or follows activities such as 
discussion, reading, films, and laboratory work, it may not automatic-
ally provide an understanding; but it furnishes a real experience upon 
which the teacher may build, along with other well-chosen procedures 
and activities. 
Y' Edward F. Potthoff, "The Use of Demonstrations in Science Teaching'~, 
Science Education (December, 1945), 29:253. 
~ John S. Richardson and G. P. Cahoon, Methods and Materials for 
Teaching General and Physical Science, McGraw Hill Book Company, 
New York, 1951, p. 17. 
Demonstrations can be used for providing pupil experiences in 
thinking. Cahoon')/ views on this topic are,~~ in part, these: 
"The dem_Qnstrations, laboratory experiments, directed 
studies, pupil project.s, motion pictures, textbook 
statements, and pupil-teacher discussions are teeming with 
possibilities for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately as one 
goes about teaching science facts and principles to pupils. 
Like any other teaching aid or pupil activity, a partic-
ular exercise or experience in thinking may or may not 
be appropriate to use with a particular class at a given 
time. 
A certain demonstration for one class may be given to 
help obtain a particular fact of science, at another 
time as an experience in accurate observation, at another 
to utilize previous knowledge by predicting 'what will 
happen', at another as an application of a recently 
studied principle." 
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However, it must be added here, that 11A demonstration perfonned 
by a teacher who points out what is happening and indicates the conclusion 
which should be drawn or how it illustrates a particular principle may 
furnish little experience in thinking. ,l} However, "thinking" comes when 
the principle is applied. 
Before presenting a review -of the research in which the lecture-
demonstration is compared with other methods of science teaching, the 
evolution of the popularity of the demonstration method should be mentioned. 
y G. P. Cahoon, 11Us~Demonstrations for Providing Pupil Experiences 
in Thinking", Science Education (Oct., 1946), 30:196. 
3/ JohnS. Richardson and G. P. Cahoon, QP• cit., p. 67. 
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Webb!/ states that it developed in t his mannerg 
11The growth of the denonstration method as a substitute 
for the individual experiment was ac cel erated by the de= 
pressiont during which time funds for operating the schools 
were much reducedo It was argued ~hat if the course in 
science-be given by demonstrations ~ only one set of apparatus 
need be procured3 whereas if it wer e given by student indi= 
vidual or group experiments a considerable number of duplicate 
sets must be purchasedo 11 
Cunningham's sununary of "Lecture Demonstrations Versus Individual 
y . 
Laboratory Method in Science Teaching" covers a- twenty=five year periodo 
The field of research includes eighteen Mastern s Theses :!~ six Doctorate 
Studies ~ and other studieso All of the reports were published in such 
professional periodicals as g Journal of Educational Psychology2 School 
Science and Mathematics,jl School ' Review~ Journal of Educational Research.ll 
and Pennsylvania School Journalo From the results reported by the ex= 
perimenters, Cunninghamd/states thatg 
11Twenty=eight studies gave specific attention to the general 
outcome = immediate recall or immediate results. Twenty 
gave results favoring the demonstration method ; six favored 
the individual laboratory method3 and two said that there 
was no difference ~etween the two method§7. 
Of the twenty=four studies that gave specific attention 
to delayed results 9 then favored the demonstration method~ 
eleven the individual laboratory method» and three re= 
ported no differencee 
The interest stimulated in the pupils by the two methods 
was studies in seven of the enterpriseso The majority 
of the pupils in three ~f the enterpri se!! favored the 
y Charles So Webb ~ "The Teaching of Advanced Sci ence Using the Demon-
stration Method" 3 School Science and Mathematics (January.i> l93S) 3 3Sg23o 
y Harry Ao Cunni ngham» "Lecture Demons t rations Versus Individual Laboi~a= 
tory Method in Sci ence Teaching = A Summary"~ Science Education (March,l946) 
.30:70=S2., 
2.1 Ibid .. ~ p 0 76 
demonstration method~ and in fourL?f the enterprise!? 
favored the individual laboratory methode 
All of the studies = fifte~n = that gave attention t-o 
the time required by each of the two methods reported a 
saving of time under the demonstration methodo The time 
saved varied from one=fifth to one=halfa" 
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Later in the summary~ Cunninghamy tells of the treatment of 
scientific thinking in these studies by these commentsg 
"Seventeen studies gave attention to one or more of the elements 
of scientific thinking but no one undertaking made even a 
slight beginning in the study of this problem in all of its 
many a.spects. The elements of th~ thinking process that .were 
studied in some of the undertakingswere as follows~ amount 
retained in thought work~ making proper conclusions to an 
experiment; application of princip+es learned; ability to 
think in ter.ms of science subject; ability to follow the 
steps in scientific procedure; per cent of thought questions 
answered correctly; method of attach on new problems; 
scientific attitude; ability to observe; learning a scientific 
principle; greater carry~over ability; ability to distinguish 
between fact and superstition; _and ability to .generalize. 
Of the seventeen studies that gave attention to some phases 
of this big and __ very important problem~ twelve favored the 
demonstration me~hod; four_ the individua~ laboratory method; 
and one came to the conclusion that the p~il could learn to 
think about equally well by either Getho~ G 11 
This comprehensive statement is part of the concluding remarks made 
by Cunningh~~ 
"Our decision~ as to what to do in practice~ is made easier 
when we realize that all of our la.poratory teaching need 
not - should not be done by one method. It is possible that 
we may be ignoring a whole continuous series of_ possibilities 
between these two extremes. In many cases it may be found 
best to use both methods in teaching a given idea in science." 
The studies presa1ted in the summary of Cunningham were ranked according 
to the criteria presented in an art~cle by Stuit and Englehart2/ 
g I Op. cit.~ Po 7""6 -
gj Ibid.~ P• 79 
~ Op. cit., PP• 380=39la 
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by Keiser!/ as to their superior or inferior valueo It is well to note 
here that Keiser used only the first six of the seven criteria to determine 
the value of these studies. The seven criteria, as e~tabli-shed by Stuit 
and Englehart, are as follows: (1) specificat ion of experimental factors; 
(2) control of pupil factors; (3) control of teacher factors; 
(4) control of general school factors -; ·· (5) duration of experiment; 
(6) measurement of achievement; and _(7) interpretation of experimental 
date. 
. y 
For comparative purposes the writer has used the studies of Anibel 1 21 L.! . 
Knox 1 and Wiler in this discus-sion because each study is partly con-
cerned with the demonstration method versus the laboratory -method of teaching 
high school chemistry. The problem of- the r-esearch as stated by each author 
and the significant conclusions, in part, will be related. 
The study of Fred G. Anibel.2/, ranked superior, is as follows: 
Problem: . To determine scientifically through objective data 
how the results of teaching high-school chemistry by lecture-
demonstration method compared with the individual laboratory 
method. 
y Louis B. Keiser, The Present Status of the Lecture-Demonstration Versus . 
the Individual Laboratory Method of Teaching Science in the High School, 
Unpublished Master's Thesis, City College of New York, l933o 
' 
y Fred G. Anibel, "Comparative Effectiveness of Lecture-I?emonstration ~d 
Individual-Laboratory llethod11 , Journal of Educational Research (May1 1926) 1 
13:355-365. . 
21 W. w. Knox, . "The Demonstration Method Versus the Laboratory Method of 
Teaching High School Chemistry"; School Review (May,l947), 35:376-386. 
lJ! William H. Wiley, "An Experimental Study' of Methods in Teaching High 
School Chemistry", Journal of Educational Psychology (April, 19lS) 1 
9:181-198. . 
2/ Loc. cit. 
Conclusions 3 in partg 
1. The immediate retention is as adequate when 
material is presented by the -lectur€-=demonstration method 
as when the class is taught by the regular individu~l 
laboratory procedure. Indications are that the lecture= 
demonstration procedure would result in better immediate 
retention. 
36 
2. The delayed retention is so little different that 
one method may be considered as good as the other. There 
was a slight indication that the material was better r e-
membered when taught by the individual laboratory procedure. 
3. The brighter students are likely to profit more 
by the lecture=demonstration method than are the otherso 
. 1/ 
The study by w. W. Kno~ 3 which was ranked superior.? is as follows: 
Problem: To establish the relative value of the demon-
stration and laboratory methods of science instruction. 
Conclusions, in partg 
1. The demonstration method is superior to the 
laboratory method in teaching mentally heterogenous groups 
of pupils for the purpose of immediate retention f.and 
relatively permanent retentiori7 of subject matter in high 
school chemistry. 
2. For the purpose of imparting to a group of pupils 
a sc~entific attitude and training in a method of attack 
on new problems .? the demonstration method is equal, if not 
superior, to the laboratory method of instruction. 
3~ From the standpoint of the coefficients of corre-
lation, it appears that the demonstration method provides 
superior opportunity for adaptation to individual differences 
in mental ability so far as teaching for immediate retention.? 
delayed retention .? and method of attack are concerned. 
4. So far as providing knowledge and method of attack 
are concerned.? the laboratory method is slightly superior to 
the demonstration method in the case of the average inferior 
pupil. 
5. For the purpose of providing knowledge for both 
immediate retention and relatively permanent retention, and 
for the purpose of providing a technique for handling new 
problems.? the demonstration method is much to be preferred 
to the laboratory method in the case of the average superior 
pupil. 
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Before stating the problem and significant conclusions of a study 
ranked inferior by Keise? according to the first six of the seven criteria 
developed by Stuit and Englehartg/, it should be recognized that the study 
made by Wile~was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because of the following 
factors: no mention is made of any attempt to measure the mental abilities 
of the pupilsy; the tests to measure immediate and delayed retention were 
of doubtful validity; the method of scoring the tests was highly subjective; 
and there was no mention made of statistical treatment of the data found. 
The study made by William H. Wile.;; is as follows: 
Problem: To detenn:ine the best of the three methods of 
teaching chemistry, the textbook recitation method, the 
so-called lecture tdemonstratioril method, and the labora-
tory method. 
Conclusions, in part: 
1. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture ~emonstrati25? 
textbook, and laboratory, so far as imparting knowledge is con-
cerned. 
2. For immediate learning the textbook method is unquestion-
ably superior. 
3. For per.manent learning the laboratory method is perhaps 
slightly superior. 
4. In every respect the lecture ~emonstratiori7method is 
the least effective in imparting knowledge to high school 
students. 
5. The rate of forgetting is greatest with the text-
book· method and least with the laboratory method. 
y Loc. cit. 
~ Op• cit.; PP• 380-391. 
2/ Loc. cit. 
!z/ Note the date of publication of the first group intelligence tests. 
2./ Loc. cit. 
6o The different methods show decided individual 
differences both for immediate and delayed reproductiono 
7. Probably a combination of the three methods will 
give the best results in teaching high school chemistry. 
Stuit and Englehart!/have also made an excellent critical analysis 
of the lecture demonstration versus the individual laboratory method of 
teaching high school chemistryo A summary of their report~ Which con-
sisted of the combined conclusions of various investigators, is as follows: 
Conclusions contending that the laboratory method is superior~ 
lo There is a slight indication that material was 
better retained when taught by the individual laboratory 
method - Anibel. 
2o The order of preference of the methods studies 
places the individual laboratory method before the 
demonstration method - Horton. 
3.. In every respect the lecture method is least 
effective in imparting knowledge to high school students -
Wiley. 
4. For permanent learning the laboratory method is 
perhaps slightly superior - Wileyo 
5o For providing knowledge and method of attack~ 
the laboratory method is superior for the inferior pupil -
Knox. 
Conclusions claiming that the demonstration method is 
superior: . 
1. Bright pupils are more likely to profit by the 
lecture-demonstration method than are the others - Anibelo 
2. Dull pupils profit more from demonstration than 
from individ~al laboratory work - Carpentero 
3. The lecture=demonstration takes less -time and c-osts 
less - Anibel. 
4o The teacher (Demonstration) method is best ~ Nash 
and Phillipso 
5o Lecture-demonstration method gives better control 
over the individual since all are under teacher guidance = 
Pugh. 
6o For purpose of providing knowledge for both 
immediate and permanent retention and for the purpose of 
providing technique or handling n:ew probl-ems.)) the demon-
stration method is much to be preferred to the laboratory 
method in case of average superior pupil - Knoxo 
Conclusions contending that the students achieves equally 
well by either methodg 
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la Immediate retenti on is about equal in both lecture-
demonstration and individual~laboratory methods - Anibel. 
2. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture, text-
book - and laboratory$ so far as imparting knowledge is 
concerned - Wile,y. 
3. The results of this experiment point to the con-
clusion that the majority of students in high-school$ 
laboratory-chemistry classes; taught by the demonstration 
method, succeed as well as -when the.y perform the experi-
ment individually, if success is measured by instruments 
which measure the same abilities as are measu,red by these 
tests, namely, specific information and ability to think 
in terms of chemistry - Carpentera 
General conclusions based on evaluation of the reported 
research: 
After considering the above conclusions the writers 
have arrived at a few ideas which seem justifiable in the 
light of the evidence given by this studya 
1. No method can be considered to be the best in 
every case. The objectives of chemistry teaching, the 
preference of the teacher, the nature of the pupil, and 
the facilities of the schools will largely determine which 
method should be used. 
2. In small schools where money and space are not 
plentiful the lecture-demonstration method seems to be 
most practicableo 
3. The written test cannot be used to test all the 
outcomes of a course in high school chemistryo Some sort 
of manipulative tests seem necessary to test · the laboratory 
skills. 
4. The problem of the relative merits of the lecture-
demonstration and individual-laboratory methods still seems 
unsolves and as complex as evero More careful experimenta-
tion, involving careful control of non-experimental factors 
and reliable testing, is needed in order to justify any 
definite and final conclusions• When experimentation has 
shown the relative superiorities of the methods in terms 
or outcomes, the methods should be evaluated in terms of 
the values attached to these outcomeso 
Evidence of the evolution of teaching methods particularly by the 
visual method is apparent in the next study to be considered, that of 
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Smith'~/. The visual. method has been long recognized by leading educators 
as one of the most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school that does not, 
in one way or another, make use of visual aids in teaching. The alert 
teacher and administrator are constantly seeking suggestions and illustrations 
by means of which the vague conceptions of the pupils may be made into real 
facts and parts of their experimce. Any method will not be overlooked 
if it can provide both clarity and simplicity combined.3/ 
In the study done by Smithl/the problem involved was: 
1. What is the relativeeffectiveness in ninth grade 
general scimce classes of experimental demon~trations 
performed by the teacher and eqQ.ival.ent demonstrations 
presented through the medium of ~ucational sound motion 
pictures. 
2. The determination of the relative effectiveness of 
these two instructional techniques with pupils of 
different levels of intelligence. 
In the plan of study three methods of presentation were used: 
(1) teacher demonstration, (2) use of films, and (3) a combination of 
teacher demonstrations and the use of films. The conclusions made, as a 
result of this study, were as follows: 
1. Educational sound motion pictures and teacher demon-
stration are of equal merit as instructive devices in 
ninth grade general science when they include essentially 
the same materials in so far as merit can be determined 
Y Herbert A. Smith, "A Determination of the Relative Effectiveness of Sound 
Motion Pictures and Equivalent Teacher Demonstration in Ninth Grade General 
Science11 , Science Education (April, 1949), 33:214=221. 
y Paul Arthu;r.,_ Lecture Demonstrations in General Chemistry: McGraw Hill 
Book Company, New York, 1939,, pp. 2-4. 
2/ Op. cit., pp. 214-215. 
by the techniques employed in this investigation. The 
use of either method singly is as effective as the combina-
tion of the two. 
2. There is a tendency for increas~d intelligence as 
expressed in terms of an intelligence-quotient to be 
accompanied by increased learning where l~rning is 
represented by the gain of final over initial test scores 
on the objective tests used in this investigation. The 
degree of relationship is independent of the method of 
instruction utilized indicating the same relative value 
for sound motion pictures and teacher demonstrations 
portraying essentially identical materials regardless 
of the level of intelligence of the -students. 
Certain similarities exist between the problem of this science seminar 
and . the problem investigated in the study by Croxton.!/ His problem was 
stated thusly: 
"Is the failure of children to generalize due primarily 
to lack of power or tendency, or is it simply due to want 
of sufficient experience •••• " · 
In this study most of the experiments tested the pupils' ability to 
formulate and apply a principle aft-er eight minutes exposure to the 
essential experimental basis in the form of a demonstration or directed 
. y 
play. The tentative conclusions made by Croxton are as follows: 
1. The data indicates that many children in the higher 
primary, the intermediate, and the junior-high school 
grades are capable of generalizing. 
2. While the experiments do not prove that most pupils 
in the kindergarten and lower primary grades could not 
generalize if a more adequate experience basis was pro-
vided, the data together with the evident obsession mani-
fested by these children for obtaining emotional satis-
g W. C. Croxton, 11PupilS 1 Ability to Generalize", School Science 
and Mathematics (June, 1936), 36:627-634. 
y ~., p .. 634 
faction do suggest that early childhood is preeminently 
a period for satisfying reactionse 
3. There is little in these -experiments to suggest that 
junior-high school pupils possess markedly superior 
ability to generalize than intermediate grade pupils .. 
possess, the difference in the scores in favor of the former 
being little more than might reasonable be credited to added 
experience. 
In summary~ therefore, of the research and studies compiled by 
investigators on the value and the effectiveness· of the lecture-demon-
stration, as compared to other methods of science teaching such as the 
individual laboratory method~ the textbook method, and sound motion 
pictures, it can be concluded that the lecture-demonstration method of 
science teaching is equal to, if not better than, any other method of 
teaching. It incorporates direct experience of the pupil~ pupil ex-
perience in thinking, utilization of the senses, understanding processes, 
application of scientific principles, and ability of the pupil to general-
ize. Through the use of thelecture-demonstration most, if not all, of 
these above qualities are satisfied. Again, the writer would like to 
cite the fact that the lecture-demonstration method is egual to 2 ~f not 
better than2 any other method of teaching science. 
2. Criteria for a Good Demonstration 
Statement o£ the Problem.-There are two problems involved in developing a 
list of criteria for a good demonstrationg (1) to define clearly the 
word "demonstration" as it is to be used in this experiment; (2) to evolve, 
through reference to the literature~ the criteria. 
Need for research.=-Since the demonstration is the instructional 
procedure selected for use in the experiment, it is necessary to clarify 
the meaning of the demonstra~ion method • . 
Noll!/ has pointed out the fact that inv€stigators seldom define 
teaching methods carefully and minutely enough. Various writers have 
recognized the need in research for accurate definition of terms. Like 
Noll, Ri.ed~has made a plea for clear definition of teaching methods 
and experimental procedures. Mac~ has stated that there are as many 
definitions of 11danonstration" as there are authors treating the subject. 
Preston~ also realized this and called for clarification and unification 
of terminology. 
Most of the literature on the demonstration method fails to recognize 
the difference between the lecture-demonstration, the class experiment, 
and the illustrated lecture. Preston2/ attributes much of the success of 
lecture-demonstrations to their actually being class experiments. 
Definition of danonstration •. -The demonstration is in this experiment 
actually a lecture-demonstration. Reference to the literature will help 
to clarify the meaning. First, the "demonstration" is defined by the 
1/ Victor H. Noll, The Teachin of Science in Elementary and Secondary 
Schools, Longrams, Green and Co., -London and Toronto, 1939, p. 3. 
y F. A. Riedel, ''What, If Anything, Has Been Proved as to the Relative 
Effectiveness of the Demonstration and Laboratory Methods in Science?" 
School Science and Mathematics (May, 1927), 27:513. 
J/ Joseph A. Mack, "Desirable Qualities in Demonstration Apparatus", 
School Science and Mathematics (Jan., 1950), 50:21. 
!:J/ Carleton E. Preston, 11Is the _Debate in Common Tenns?" Science 
Education (February, 1935), 19:14-16. 
2/ Loc. cit. 
Dictionary of Education!/ as followsg 
"(1) The Method or process of presenting or establishing 
facts; (2) the procedure of doing something in the 
presence of others either for means of showing them how to 
do it themselves or in order to teach a principle." 
The same sourc,l} defines the lecture-demonstration thusg 
"An instrue~ional procedure in which the verbal message is 
accompanied by use of apparatus to i~lustrate principles, 
determine or verify facts, clarify different parts, or 
test for comprehension of material under discu·ssion." 
Prestonl/ further clarifies the concept of the lecture-demonstrat~on as 
distinct from the class experiment: 
"In true lecture-demonstration the teacher sh.ows every-
thing, explaining or interpreting each point as he, or 
some pupil, performs the work. In true class experiment-
ation the teacher endeavors, by well-directed qu'estions, 
to get the members of the class to observe or come to 
conclusions themselves as to the proper interpretation, 
and perhaps to plan further steps or procedures. Thus, 
in the lecture-demonstration the flow of infonna,tion and 
explanation is from teacher to pupils; in the class ex-
periment it is exactly the opposite."· 
Elsewhere, in defining lecture-demonstration» Preston~makes the point 
that "no questions interrupt the speaker and he asks his audience none, 
other than for rhetorical effect." 
Preston, however, does not distinguish the lecture~demonstration from 
b' Carter V. Good (Editor), Phi Delta Kappa..., Dictionary of Education2 McGraw-Hill Book Company, Inc., New York, 1945, p. 124 
y ~., P• 238 
2/ Carleton E. Preston, The Hi School Science Teacher and His Work, 
McGraw-Hill Book Company, Inc • ..., New York and London, 193 ,pp.l92-193o 
W Carleton E. Preston.ll "Is the Debate in Common Terms?" Sci ence Education 
TFebruary, 1935), 19:14-16 .. 
45 
the illustrated lecture as does the Encyclopedia of Modern Education:!/ 
"The lecture-demonstration differs from the illustrated 
lecture in that the latter focuses attention on the screen 
and shows the relationships by means of pictures, slides, 
moving pictures or specimens while the lecture-demonstra-
tion focuses attention on the lecturer who shows the re-
lationships through the use of manipulation of physical 
material, machines or appliances-.'' 
The meaning of "demonstration" is further expanded by the following 
observation made by Mack:Y "Inherent in the concept of demonstration is 
the factor of movement of material things,)) not a static condition or dis-
play." This so-called dynamic quality of the d.emonstration leads 
Mac~ to exclude from the demonstration proce~ure certain standard 
teaching materials: 
"objects, unless they can be operated ••• so also, speci-
mens, samples and parts ••• Likewise models, as such, are 
barred unless the.y are working models; so also, miniatures 
and enlargements.•• 
Although micro-projection techniques are gaining increasing favor in 
demonstration work, !i/ it would seem that this method should also be ex-
eluded on the same basis as the other visual aids. 
Further, Mac;! states that the demonstration is "an appeal through 
the senses of sight and hearing and less frequently through the other 
Y Harry N. Ri vlin, Encyclopedia of Modem Education, The Philosophical 
Library of New York City, New York, 1943,)1 p. 452 
y Op. cit., p. 21. 
'JI Loc. Cit. 
y Mary A. ott, nMicrotechnique for Projection Demonstration in General 
Science", School Science and Mathematics (January, 1946), 46~ 68-73. 
2/ Op. cit., p. 21 
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senses". He would, therefore, exclude from demonstration work materials 
that appeal to only one sense; such as, transparencies, pictures, · charts, 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have been determined 
by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the cla·ss experiment. 
4. It differs from the illustra;ted lecture. 
5. Movement and action are essential. ·· 
6. It is an appeal through two senses: sight and hearing. 
The necessary implications of each of these statements have · already been 
suggested. 
Review of the literature.--A review of the literature was made in 
order to discover those basic principles which might be used as a guide 
in doing demonstrations. 
First, a search was made to locate any previous studies that 
paralleled this investigation. The Bibliographic Index provided the 
necessary references. It was · found that many investigators had subject-
ively listed criteria in one form or another. However, only one study, 
docUmented with references, proved similar to this one. MacJ/covered 
many of the same sources in developing his checklist for evaluating desirable 
qualities of demonstration apparatus. He lists as "factors" those conditions 
1/ Op. Cit., PP• 19-3~. 
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inherent in the physical surroundings and in good techniques and as 
"qualities" those conditions inherent in the apparatus. Much of his re-
search had to be duplicated in this review, but for a different purpose 
which called for more complete and descriptive statements. 
A working bibliography was developed -consisting of five types of 
sources: (1) pr()fessional journals and science publications, 
(2) methodology textbooks, (3) teaching science textbooks, (4) audio-
visual texts and (5) books on experiments. The following reference 
sources were consulted: Bibliographic Index, Encyclopedia of Educational. 
Research, Bibliographies and Summaries in Education, Reader's Guide, 
International Index, Ulvich's Periodical Directory, v~rtical File Service, 
and the Education Index. 
There was great variety in the nature of the material cqvered which in-
clud~d such items as: 
1. Steps to follow 
2. Desirable qualities 
3. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6. Suggestions for making demonstrations effective 
7. Criteria 
8. General discussions of the demonstration method Works included 
in this study fall into four categories: (1) Those which deal with the 
demonstration in a general sense; (2) those from the field of biology 
(3) those from the field of physics (4) those from the field of chemistry. 
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Several of the authors in the first category~ the "general", emphasize 
only one or a few aspects of the use of demonstrations. In discussing the 
presentation of exampl~ demonstrations .~~ Cahoon!/ indicates certain steps 
taken to insure effectiveness of the demonstration and emphasizes 
visibility and size of apparatus. Colviny offers three cautions 
observed in class demonstrations. Hof~ emphasizes only visibility and 
planning. Pinkush/ suggests the· need for apparatus especially designed 
only 
to be 
for demonstration purposes and stresses the factor of visibility. 
A few in this aeme group attempt more detailed coverage. Potthof~ 
for example, offers several suggestions for performing demonstrations 
effectively and contributes many excellent ideas. In discussing the art 
- y . . 
of lecture table demonstration, Davison ment~ons several rules to follow 
in demonstrating. Rakestraw1/ touches on six different aspects of the 
y G.P.Cahoon, "Using Demonstrations for Providing Pupil Experiences in 
Thinking", Science Eduoation (October.~~ 1946)s 30~196-201. 
g( Stephen Sheldon Colvin.~~ An Introduction to High School Teaching.~~ The 
Macmillan Company, New York, 1924, Ch. 12. 
l/ Arthur G. Hoff, Secondary School Science Teaching, The Blakiston Company, 
Philadelphia and Toronto, 1947, PPo 188-189. 
W L. F. Pinkus, "Some Suggestions in Demonstrations", Science 
"(october 20, 1933) 3 78 ~ 364. 
2/ Edward F. Potthoff.~~ "The Use of Demonstrations in Science Teaching", 
Science Education (December, 1945), 29g253~255. · 
§/ H. F. Davison, 11The Art of Lecture Table Demonstration", Journal of 
Chemical Education (June, 1927), 2:443-7. 
1/ Norris w. Rakestraw» "The Function and Limitations of Lecture 
Demonstration", Journal of Chemical Educati on (November ,1929), 
6:1882-1886. 
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good demonstration in his extensive discussion of lecture-demonstration 
.Still others in the "general" group have systematically attempted 
to list criteria in some form. Billinger!/ lists five require-
ments for a successful demonstration. Dale~ offers fourteen suggestions 
for improving demonstrations and eleven questions for evaluating them. 
Under "demonstration techniques", Haas,2/ lists ten steps to be completed 
before conducting the experiment and five suggestions for conducting it. 
Heiss~ elaborates on seven excellent rules for demonstrating. Holley2/ 
lists seven things a teacher can do to insure successful demonstrations. 
lA.ac,j/ developed a lengthy checklist of desirable qualities in demonstra-
tion apparatus. In a group thesis edited by Mnrray1/, five criteria for 
a demonstration were listed which h~d been developed in a seminar 
y R. D. Billinger, "Lecture Demonstration Experiments", Journal of 
Chemical Education (August, 1937), 14:375-7. 
~ Edgar Dale, Audio-Visual Methods of Teaching, The Dryden Press, 
New York, 1946, p. 125.130. 
2J K. B. Haas, 11The Demonstration and Field Trip as Training Techniques", 
Business Education World (February, 1951)» 31:291-293. . 
~ Elwood D. Heiss, Charles w. Hoffman, and Ellsworth s. Oboum, -Modern 
Methods and Materials for Teaching Science, The Macmillan Company, New 
York, 1950, pp. 171-2. 
2/ Charles Elmer Holley, High School Teachers Methods, The Garrard 
Press, Champaign, Illinois, 1937, p. 229. 
£1 Qp. cit., p. 27-29. 
1/ Chalmers Murray (Editor), New and Improved Demonstrations 2 Each 
Illustrating a Single Science Principle, Unpublish~ Master's Thesis, 
Boston University3 1950. 
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discussion. Richardson and Cahoon!/ list five -criteria for a good demon~ 
strationo SelbergS{ lists sixteen common errors in demonstration tech~ 
niques (actually class experiment techniques) and offers an excellent 
plan to follow in doing classroom demonstrations. In the second category~ 
3/ 
the works from the field of biology9 only one study was found. Gramet= 
lists eight characteristics of the good demonstration. 
In the third category~ works from the fiel d of physics, the same 
breakdown can be made as for the first category. Among the few who 
¥ emphasize only one aspect~ Coyle stresses -the value and importance of 
21 vertical mounting of apparatus on special boards. Also, Sutton stresses 
the need for simplicity and originality. Among his suggestions for im~ 
proving physics teaching» Weave~ stresses visibility and size of 
apparatus., 
!/ John S. Richardson and G.P. Cahoon9 Methods and -Materials for Teaching 
General and Physical Science~ McGraw=Hill Book Company~ Inc.~ New York, 
Toronto and London~ 1951. 
y Edith M. Selbert~ 11A Plan for Developing Bett-er Techniques in Giving 
Science Demonstrations~ Science Education ( October~ 1932) 9 16~417~420. 
3/ Charles Ao Gramet » "Demonstrati on Lessons in Biology" ~ Science Education 
fFebruary~ 1934) 9 1S ~33=36o 
~ J. P. Coyle9 E. C. Hansen.ll and R. B. Coe9 "Demonstrations Made More 
Visible18 9 Chicago Schools Journal (NovemberJ> 1941) 9 23~64~S. 
2) Richard M. Sutton3 "The Importance of Scientific Instruments and Apparatus 
to the Teachers of Physic s" .~~ Review of Scientific Instruments (December, 1941) -
12~573=5S2. 
§/Elbert c. Weaver» "Teaching Physics Effectively11,l) School Science and 
Mathematics (May 1944) 9 44=402e 
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Hitchcock'~/ emphasizes action as the essential quality of good 
demonstrations and includes, as he elaborates this theme9 many other 
criteria .. 
Duffg/ is the only one in the field of physics to make a systematic 
listing. He enumerates nine desirable-qualities in demonstration experi~ 
mente. The fourth and final category, the works from the field of chem-
istry3 may be similarly analyzed. Arthurl/ presented a lengthy dis-
cussion on visibility including many excellent suggestions. Reed~ dis-
cusses in some detail four aspects of good demons~rations and techniques., 
Wile)/ also deals only with a few aspects .of successful demonstrations., 
Dunbary lists eleven desirable characteristics in demonstrations. 
His list is based on Duff's and includes· specific examples in chemistry, 
Fran.;tJ provides twelve suggestions regarding use of class demonstrations 
y Richard c. Hitchcock, 11I Like Action in Physics Demonstrations", School 
Science and Mathematics (D-ecember, 1941) 3 4hS32-839. 
y A. w. Duff, "Desirable Qualities in Demonstration Exper:iments" 3 School 
Science and Mathematics · (November, 192$) 3 2$~857. · 
lf Paul Arthur3 Lecture Demonstrations in General Chemistry, Mc=Graw-Hill 
Book Company, Inc., New York and London» 1939, Ch. 1. ·· 
jJ Rufus D. Reed, "High School Chemistry Demonstrations" Journal of 
Chemical Education (November, 1929), 16·d905=9.. · 
2/ L. A. Wiles, "The Value of Lecture Table Demonstrations in the . Teaching 
of Chemistry", Journal of Chemical Education (September, 1928), 5~1109-1111. 
§/ Ralph E. Dunbar, "Some Desirable Characteristics in Cherp.istry Demonstra-
tion Experiments", School Science and Mathematics (January 3 1950), 50~19-31. 
1/ J. 0. Frank.!! The Teaching of High School Chemistry» J. Oo Frank and 
Sons, Oshkosh, Wisconsin, 1932, p. S8=9o 
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which he believes to be justified by the experience of a number of 
teachers. Gould!/ enumerates on eight to consider in planning and perform-
ing demonstrations. Van Horn~ offers five suggestions for the preparation 
of apparatus and materials and four rules to follow in conducting denonstra-
tiona. 
Use of Criteria.-- The seminar in 1951 after careful consideration of 
criteria of a good demonstration in this field and cGndensation and tele-
scoping of this material produced the criteria listed below. This group 
feels it is of no additional value in going on any further with this 
probl~. It is an assumption these are good criteria. 
Selected criteria.-- The criteria for a good demonstration as used in 
this experiment are as follows~ 
CRITERIA FOR A GOOD DEMONSTRATION 
I. THE DEMONSTRATION SHOULD IlLUSTRATE A BASIC PRINCIPLE. 
II. THE DEMONSTRATION SHOULD n.LUSTRATE ONE PRINCIPLE ONLY. 
III. THE ACTION OF THE DEMONSTRATION SHOULD BE CLEARLY VISIBLE 
AND AUDIBLE TO ALL. 
A. Remove all the audio-visual distractors. 
B. Make sure the lighting facilities are adequate. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated. 
iJ Arthur B. Gould)! "Demonstration Experiments . and Their· Place in the 
Teaching of Chemistry", Journal of Chemical Education (February,l931), 
8:297-302. 
~ Donald Van Horne, 11The Lecture Demonstration Method in High School 
Chemistry", Journal of Chemical Education (January, 1930), 7:109-116. 
C. Adjust window shades so that students can see 
from all parts of the room. 
D. If necessary~ rearrange the seating so that 
everyone has an unobstructed view. 
E. Be sure that those with poor hearing and vision 
are seated appropriately. 
F. Have the demonstration table arranged so that 
all pupils can see the demonstration. 
1) Vertical mounting of apparatus is es-
pecially effective. 
2) Place the apparatus well forward on the 
desk~ facing out toward the pupils • 
.3) Place demonstration table in best posi-
tion for all to see ·from all angles. 
G. Wherever possible~ make use of color contrast to 
make the apparatus or materials stand out. 
IV. THE APPARATUS SHOULD BE ON A LARGE SCALE. 
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A. The apparatus must be clearly visible from the furthest 
corner of the room. 
B. Where a ther.mometer (or other meter) is essential 
to the demonstration, use a mock-up · or working 
model to help the class visualize this part of 
the procedure. 
C. Large signs and diagrams may be used to supplement 
the spoken word. 
1) They must be previously prepared. 
2) They must be clearly visible to all. 
3) Green print on yellow is preferable to 
black on white. 
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V. THE DEMONSTRATION SHOULD WORK ~ IT SHOUlD BE AS INFALLiBLE AS 
POSSIBLE. 
A. Apparatus should be in sound working condition. 
* B. Apparatus should be as simple as possible. 
1) Simplicity of operation. 
2) As few parts as possible. 
3) Avoid crowding, overlapping and masking of 
the parts" 
* c. The demonstration should b.e rehearsed in advance. 
D. The demonstration should be well...;pla.nned and prepared. 
1) Set up apparatus and have all material8-
carefully arranged on the demonstration 
table before the class meets. 
2) All the necessary measuring and weighing 
should be done before class. 
3) Scales and graduates should be placed 
away from the demonstration table when 
no longer in use. 
·-. 
VI. THE DEMONSTRATION SHOULD BE SIMPLE AND THE SPEED OF ACTION SUITABLE. 
A. Use simple setups and place the equipment in 
*-These might well be separate criteria. 
order on the table so that the action can proceed 
logically. 
B. Talk While you work. Be sure tog 
l) Emphasize the main points; do not digress. 
2) Keep ~rizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
Co Use a simple vocabulary. 
VII. THE DEMONSTRATION SHOULD BE DYNAJUC o 
A. By definition~ movement and action are essential 
to the demonstration. 
B. Positive effects of motion are more impressive than 
null effects of static display. 
VIII o A SLIGHT DRAMATIC ELEMENT IS SJMETIMES USEFUL. 
IX. AN ELEMENT OF THE UNEXPECTED IS SOMETD.rnS EFFECTIVE. 
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X. THE APPARATUS SHOULD BE OF EASU.Y AVATI..ABLE AND INEXPENSIVE 
MATERIALo 
XI. THE APPARATUS USED lN THE GIVEN DEMONSTRATION SHOULD BE 
STORED AWAY lNT ACT UNTIL IT IS TO BE USED AGAIN. 
The frequency with Which the above-mentioned criteria were mentioned 
by the sources consulted is indicated by the chart below. The count was 
made merely for general interest. It has ll however, certain obvious values. 
The frequency of mention of the various criteria provides means of es-
tablishing their validity. The table shows the relative importance of the 
criteria as recognized by these authorities. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 •. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
Table 1. The Frequency of Mention of the 
Selected Criteria by the Sources 
Consulted. 
Author- Criterion Number 
Source 1 2 J 4 5 6 1 8 9 
Arthur· •••••••. X X X X X 
Billinger •••• X X X X X 
Cahoon ••••••• X 
Coyle •••••••• X 
Colvin ••••• .•• X X X 
Dale ••••••••• X X X X 
Davison •••••• X X X X X 
Du.ff ••••••• .•• X X X X X X X X X 
Dunbar ......... X X X X X X X X X 
Frank •••••••• X X X X 
Gramet ••••••• X X 
Gould •••••••• X X X X X 
Haas ••••••••• X X 
Heiss ••••••••. X X X X X X 
Hitchcock •••• X X X X X 
Hoff ••••••••• X X 
Holley ••••••• X X X X 
Mack ••••••••• X X X X X X X X X 
Murray ••••••• X X 
Pinkus ••••••• X X 
Potthoff ••••• X X X X 
Rakestraw •••• X X X X X X 
Reed ••••••••• X X X 
Richardson ••• X X X X 
Riedel ••••••• X X X 
Selberg •••••• X X 
Sutton ••••••• X 
Van Horne •••• X X 
Weaver ••••••• X ' X 
Wiles •••••••• X X X X 
Frequency •••••••• 11 1 25 19 22 14 4 1 6 
Criterion number 1 2 3 4 5 6 1 7 9 
S6 
to 11 
X 
X 
X 
X 
X 
X 
X 
X 
6 2 
10 11 
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3. The Test Techni que 
A. Structure of the Test 
Multiple choice items. ==The test is composed of approximately 
thirty multiple choice items. Each item is in the form of an incomplete 
sentence, or a question~ referred to as the stem, accompanied by three or 
more possible r esponses. Of the possible responses presented to the ex-
aminee 3 one is the best response.- The examinee is also presented an 
answer sheet upon which he checks in the parenthesis the response he has 
selected. The construction of the response items~ in accordance with 
suggestions made by Rosibi~ has been grammatically consistent, approxi-
mately of equal length , and plausible, in so far as possible. The writer 
has endeavored to make the type of responses for each item homogeneous 
in nature, in order to detect higher levels of understanding and dis-
crimination. 
This 11best~answer 11 variety of the multiple choice test means simply 
that one response best refers to the stem of the item. Each item pro-
vides 11a response that competent critics can agree upon as best • .J/ 
The competent critics in this specific situation compose a group of 
in~service science teachers. The writer has taken great care to 11make 
all distractors plausible and attractive to examinees who lack the 
1/ C. C. Rossa Measureme~t in Today 9s Schools~ Prentice-Hall Inc., 
New York~ 1947~ p. 150 
y R. L. Ebel and E. F. Lindquist. (Editor) J> Educational MeasUrement, 
George Banta Publishing Co . 3 Menasha ~ Wisconsin~ 1951, p. 232 
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information or ability tested by the item", .!/and "avoid highly techni-
y 
cal distractors 11 • · In reference to the multiple choice type test, 
Odell2/ states that 11they may be used to test not only knowledge of facts 
and amount of acquired information, but alae knowledge of cause and 
effect relationships, ability to make comparisons, to evaluate, to apply, 
to illustrate, to define,~~ and so forth. They are easier to prepare, and 
also to score, than some of the other types." He further add)/ "almost 
all kinds of multiple answer tests can be constructed so that they possess 
practically perfect objectivity.~~ The scorer is not faced with the prob-
. . -
lem of partial credit on this type of an examination. .Either the response 
that is checked upon the paper is correct, or it -is not correct, with no 
qualifications. 
Levels of difficulty.==The writer is making an attempt to detennine 
to w.hat probable extent application and recognition, as w,ell as under-
standing of a scimtific principle have been gained through the demon-
stration activity. For this reason3 it is necessary for the examiner to 
approximate the difficulty range of the test items ~hich he has prepared. 
It is well recognized that there are various levels of learning.2/ In order 
y Op. cit~,~~ p. 234 
y ~., p. 235 
~ Op. cit. ,~~ p. 282 
2J w. A. Bro-wnell and U. M .. Sims, The-Measurement of Understanding, 
Forty=fifth Yearbook,~~ National Society for the Study-of Education, 1946, 
University of Chicago Press, Chicago.~~ Illinois, pp.27=43. 
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to measure these levels of learning~ a testing device of various levels 
of difficulty must be constructed . The actual judgment of item difficulty 
must be left up t o the subjective judgment of the test constructor. ''The 
use of subjective judgment in estimating item difficulty at the stage 
of item construction is to be encouraged. Such judgments9 when based on 
all available e:xperience .9 are distinctly helpful in_ l eading to the con~ 
struction of items of the desired difficulty.'Ji The constructor has 
ample opportunity to construct t he items of various degrees of difficulty 
by using more remote subject matter applications9 or by including un~ 
usually good distractors in the test items. Odellg/states that 9 in 
reference to good distractors.>l 11their selection @..stractor!7 will depend 
to some extent upon how di ffi cult it is desired to make the test. In= 
correct answers should9 however9 never be obviously incorrect to a pupil 
who knows little or nothing of the matter dealt with •••• ~~ 
The various levels of l earning may be broken down to three broad 
cat egories . The first level of learning may be l abelled9 or described 
as mere factual r et ention . The second l evel employ~ enough understanding 
of t he factual retention so that the learner can recognize and apply» in 
simple situationsJl the princi ples or concepts which he has retained. 
The third level of learning is r eached when the-learner can r ecognize 
and apply the understanding of the -factual material to more complex, 
unfamiliar 9 and difficult situations . The t est has been constructed with 
these three levels of l earning in mind. The f irst third of the test is 
concerned with items of the f irst l evel of l earning 9 and so on. Thus, 
!/ K. w. Vaughn and E. F. Lindquist (Editor) 9 Educational Measurementg 
George Banta Publishing Co . 9 Menashaj) · wisconsin9 1951.>1 p. 174 
y 1!?1£.. ,$) p. 286 
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the t est can be said to measure three level~ of learning~ all conc erned 
with the same demonstration~ and t he san1e scientific principleo This 
method of testing t ells the examiner to a ppr oximately what extent the 
pupil can recall» understand ~ or appl y the principleo 
Vocabul aryo=It i s only logical f or one t.o assume t hat the vocabu= 
lary used throughout the experiment must be consistent~ or at least on 
the same l evel o Vocabulary comprising the t est must~ of nec essity~ b~ 
equival ent t o that used during the demonstration o Inconsistent vocabu= 
lary is one of the factors which could unfavorably affect the reliability 
of the testing programo If t he vocabulary within the testing device is in= 
consistent with that of the oral. demonstration» one can expect a low re= 
liability of t he whole t esting procedureo Reliability~ itself» is the 
consistency with which a t est measures ~what i t measure~'1 o 
The vocabulary of the t esting device has been amended by the critic= 
jury to establish consistency of vocabulary throu ghout the experiment and 
vocabulary comprehension at the gr ade level at which the test is us.edo 
The t est t,eyout o=18After a set of test items has been written» 
criticized by subject matt er experts» and revi sed on t he basis of their 
criticisms » it must ordinarily b~ tried out experiment ally on a sample of 
examineese·1J/ Prior to any experimentation.\) t h e test was subjected to a 
tryout on a.t l east one hundred pupils of equivalent age and gr ade level» 
but a r e not included in t he exper iment o This independent tryout tended 
to expose any unusually poor :_t.gm:s» ~r poor distraetors among the possible 
responseso Such items could be dropped compl etely f rom the test.\) or 
Y' Ho So . Conrad and Eo F o Lindqui st (Edi t.or) .\) Educational Measur~ent 9 
George Banta Publishing Co o .~J Mena sha» Wi sconsin9 1951.., Po 250 · -
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eliminated in the final tabulation of the t otal results • 
. As was stated previously:; the total number of i terns in the teet 
approximates thirty:; but some may be dropped due to the discretions of 
the critic-jury, or as a result of the test tryouto 
The test periodo=The length of the testing period for both the 
pre-test and the post=test has been· indefinite.ll in so far as no specific 
time limit has been set for either of the testso The test period may 
continue on until every pupil has completed the test.ll in so far as 
poesible. Each pupil is allotted sufficient time to at least read all of 
the items presented him. A multiple· choice test of thirty items can be 
approximated as requiring about ten minutes to be read through completely. 
·Odell Y has recommended that 11on the average elementaryc..school pupils 
be expected to respond to three or four such exercisee ~tiple choice 
itemsJ per minute.'' 
By allotting sufficient time for all examinees to attempt all the 
items, the influential factor of time itself is eliminated. As stated 
y 
by Lindquist "The most common way of reducing or eliminating the in-
fluence of time on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all the items in 
the test.-" Pupils are told to complete all items 9 and are watched to 
see that they keep at this task until finished. 
y c. w. Odell.ll Traditional Examinations and New=Type Tests,s~ The Century 
Co.:; New York and London9 19289 P• 2S5. 
y A. E. Traxler and E. F. Lindquist (Editor) .ll Educational Measurement, 
George Banta Publishing Co. 9 Menasha,!) Wisconsin :; 195l.ll p. 340. 
L 
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Bo Aims and Use of the Test 
Employing statistics.-The test is an instrument devised to obtai n 
statistics for measuring growth of learning, due to a specific educational 
experience, namely a scientific demonstration. Every effort has been 
made in the construction of the test to measure as precisely as possible, 
the "meaningful learning" that has been grasped by each pupil subjected 
to the demonstration and the test-retest procedure. The only descrip-
tions of the learning and understanding that have taken place are t he 
statistics which can be applied to the results of the tests taken by the 
examinees. In accordance with Guilford,!/ it appears obvious that 
"statistics enable us to summarize our results in meaningful and convenient 
for.m". The summaries of the test results will enable educators in the 
field of science education to make general conclusions and predictions 
concerning the presentation of the particular scientific principle that 
has been demonstrated. Experimental and statistical methods cannot be 
divorced from each other, in so far as, "The experiment directs our 
observations and yields data. By means of statistical methods, we can 
summarize those data, interpret them, and determine their reliability. ,;3/ 
21 t In this respect, Brownell has s ated that "Altogether too commonly 
understandings are disregarded in evaluation {and in teaching) in favor 
of outcomes which are more easily measured (and achieved).~ 
1/ J. P. Guilford, Fundamental Statistics in Psychology and Education, 
McGraw-Hill Book Coo, New York and London, 1942, Po 3. 
~ J. P. Guilford, Qp. cit., p. 156. 
2( w. A. Brownell, The Measurement of Understanding, Forty- fifth Yearbook, 
National Society for the Study of Education, 1946, University of Chicago 
Press, Chicago, Illinois, p. 2. 
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Test-retest method.--If the educator is to measure growth~ or 
learning, due to some specific learning activity~ he cannot overemphasize 
the "importance of knowing initial status with respect to understanding. "Y 
The writer is convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by means of the 
test-retest method. That is, by administering identical tests prior to, 
and after the learning situation. It is conceded that 11not all the gain 
found can be correctly attributed solely to the remedial program [the 
demonstration perio27. Some of it is doubtless du~ to the practice effect 
or to familiarity with the test itself, part of it .to teaching received 
outside of school, and part of it to natural growth."?} For purposes of 
predicting this "probable gain"~ the writer has made use of a control 
group in the experiment. 
What the test endeavors to determine.--Any increase in scores of 
the control group on the post-test (the same test that has been given 
the second time) may be labelled as the probable gain that can be 
attributed to familiarity~ or external factors concerning the test. The 
writer has sought to determine the significant increase of the scores on 
the post-test of the experimental group, and compare this increase with 
any possible increase made by the control group on the post-test. By 
knowing approximately what percentage gain on the teat scores may be 
attributed to "chance", as determined by the control group, the writer ie 
able to conclude in this instance, that any significantly larger gain in 
1/ H. R. Douglass and H. F. Spitzer, Forty-fifth Yearbook, Qp.cit. ~ p.24. 
~ C. Co Ross, Op• cit. , P• 206. 
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the scores of the experiment group has been due to learning gained during 
the demonstration process • 
. Assuming that the constructed test is both reliable and valid, 
statistics applied to the results emanating from the test will yield 
invaluable data in predicting at what grade, or grades this specific 
scientific principle can be presented with predictively good results. 
Statistical interpretations of the test results are the means to these 
predictions. This is stated in essence by GuilfozJ/ who states that 
11 statistical reasoning is basic to all predictions". 
c. Characteristics of the Test 
Reliability of the test.--The reliability, being the precision and 
consistency with which the test measures "what it measures", is a most 
important characteristic of the test. In this specific testing situation, 
the scores on the pre-tests and post-tests given to the experimental group 
cannot be correlated for purposes of detennining reliability since the 
material being tested has been presented to the examinees in the period 
intervening the two tests. 
All external factors concerning the test have been kept as consistent 
as possible. The element of time does not detract from the reliability, 
because provisions have been made for each pupil to at least consider all 
y .JlWi., p. 176 
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· the test items. The influential time factor ha-s been kept at a minimum. 
Lindquist.!/ concurs in stating that "The procedures /Jestini/ become 
entirely unsatisfactory particularly in any test in wich speed is a sig-
nificant element in the score" .. 
The sampling of the material has been adequate, since all the test 
items have been constructed on the basis of a single scientific demonstra-
tion. A test of high reliability is further assured in the length of the 
test. It is generally conceived that the longer the test, the higher the 
reliability. The test in consideration contains approximately thirty 
items, measuring the understanding derived from a single scientific 
principle. 
Validity.;..-Validation of the -test items has been by jury, as mentioned 
previously. The jury was composed of in-service science teachers. 
!/ E. F. Lindquist (Editor), Educational Measurement, op.cit., p.617. 
CHAP'l'ER III 
E,'I{Pl±JliMmrl'Al. PUOCI:~DURE 
1. ?re~Jaration of the Lecture .... :Oemonstra ion 
Upon selection of the science I>rinciple »JUl objects ofi'er a 
resi stunce to an electric current, which produces heat.; and1 if the 
hoa.t is i ntense enoug,h1 produces li ;h.tn, it was necessary to buil d an 
apparatub applying to the principle that would meot the de;" onstration 
criteria already set .forth .• 
The pri nciple divides naturally into ·three main divisions . The 
de:nonstr ation s built around. these divisions (l) all objects offer 
resistance t o an electric current, (2) electrical .resistance produces 
heat ; and (3) heat, if i ntense enou bh1 produces light. 
Demon..c;trat i on of t he first phase consisted of sho d ng t at 
c"lll'rent nll .flow th:rou;.h sone object.s, bUt will not flow t.hrouch 
others ·hero the r esi s tance is too -reat . Sanples of various aterials 
'\Vere placed in " circuit one at a ti1::e to deteri!.i.ine if a current 
fl'.>i'ieu tiu:ough tf.ta.l • S:u.ch objects as at e U.,. ir~m, coppet .. , zinc, 
nichrome wl e , ~mod, glass a11d nter ere used. If a current f lo· ed 
then a light iUlb in series with the sa:-.apl e would glow. I£ the li "ht 
bulb di d not glow, i t ind:i.. cntod that the re ... istance nu so great that 
very little, i f' any, current flowed. The glowing light bulb served 
three .functions i n t he demonstration. It (1) limited the nov; of 
current,. (2) $erved to indicate a current flow, and {.3) as a practical 
application of the science pri nciple being de· onstro.ted. 
In the case of the current fiowint; through a beaker o£ w: te:r it 
as easy to sho that the amount of resistance an obj ect of e s is 
invcr::.el y proportional t o t he amount of current . A 25 att 1 p a 
used as a.>t a::i.iueter cecauso l t uas vinible to t he whol e class . The la'llp 
glowed d ly as current pa::.s d throu&h tap t a tor due to its igh 
re.sistance. Salt as added to the • ater, lo mrlng the rcsistanc of 
the sol ution and the current .~:'low in cr9a.sed, causing the trlllb to lo 
ore .and more briehtly. As t ho water started to ooil, it was p inted 
out t.hat this was a direct result oi.' heat produced f'rom the resi tance 
to an electric current. 
Apparatus \YS.S needed ·t;o denonstrate the second and third divisions 
of the principle - heat and light as a result of electrical resistance. 
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I£ an electric current passes through a conductor so1. e of' the electrical 
energy is used to overcome the resistance of the conductor. This 
ener ~y is converted to heat . The amount of' current hich £lows eter-
·• 
mines in purt t he milQUllt of energy used to ovorc . e resistance and 
thus turned to heat . It as necessar-,y· then, in the demonstration, to 
control 1 e ' nount of current .fl o·w and sho . ;i thont question t ··t heat 
waa produ.ced. 
'!'he d. ons ration of this consiotod o£ an uprit;.!ht . panel on which 
as placed in series, a switch, a £u o, two socket receptacles, and a 
double outlet receptacle. In or der to control the . ount of curre t 
which flo.ed through the circuit at any timo, lifht bulbs of various 
watt.ages were i ntroduced in the first socket receptacle,. A 600 watt 
heating elem.ent as placed in the second socket receptacle, which was 
located i n a l'dnd0'\"1 of t he panel . As current flowed, the element 
became ;ann as a result of el ectrical friction in the circuit . Light 
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bul of 1 · rger wattage - re used J.:.o allow more current to no d 
t h s the ele.>"1Emt becan.c anner. 
In order to sho~ the observing ~roups t1at heat ias actually 
being :>roducod, an air tll(~mo:ueter w. s used . T is consisted r an 
e upt nus ~· placed. ovar he hea.:.ins cleTI ent so hat the .risin h at of 
a."'"ld r ubk .. r 'tlub:ing, he ·• arraed and expanding nir or t:t flask increased 
air pressure in n st. all closed ~l ss bot l e hich contained colored 
liquid. .L'he iucrea ..... ed :llr prosso1re on the top of the l i qUid forced t he 
liquid up an open ube projectin above the d ,, nstration panel . 
scale calibra.,ed in inchc.:> set side the .lass tube indica ed increas- · 
ing or decreacing temporature • As re current was allo ed to flow. 
nore h eat 1a:s produced and the hi;.:her the liquid would r-lse· in the 
tube. 'Jtth the exception of the projecting glass tu' e, the air 
th n no eter ~as concealed as · uch as ·v;os .... ible so that it ntif:,ht n t 
detract fz the demonst.ratioll of the one principle. 
The third l.i vision o.t' t 1e d~nonstration ohowed that intense heat 
px!;;,duces li~ht . This was done by U!.iing t he ap >aratua just described, 
·t. 
d· ulb lir.li. ing current .flow and replacing it ~'li th a 
1 anp.ore .fu c . No 'I as th current .t""'lotr:s, the air thenn · E;t.cr 
regist~rs very hi_. 1 on the scale, indicating i 11tonse heat , and t he 
coils o.r t e heating elE' 11cnt .. tart to glo-..·;, emit. tin~ light . 'l'o 
illustrnte a rapid rise .in teaper ture plus li ,ht, a curi ent 
passe throur,h a fuse of aluminum foil hlch nelted in a fla..,h of 
whi to light. 
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'l'ho c.Jnclu · nc facet of L le "uro - a · . nstrat ·on as tr e 
racti al a lication ... t he hcatin,; offoot of electric currents aile to 
resistance nc oxemplif..i.. in arl (3lectric toast r . J~s he toas r slowly 
wa ed up and f inally produced b th heat an 11 :ht, he three p .ascs of 
t demom:rt.raticn were e;. phashwd. A copy of t he script une' in he 
1 cture - de>ilonstration is include' in t he app. dix. 
2. Construct.ion of t he Test on Science Principle 
Selection of iter. s .- The pre-tost and post-test were identical 
and con~ioted of thirty, four-ana er multiple choice i ns. The 
c .. plcto test · as esigncd o te~>t understand ns of one sci nee 
principle, and ther fore , h re i., similarity t een it~.s . The test 
it .~m ''all in t lreO clauses, in er of difficulty. hese classes 
• ere (1) ~ so ite.ns tlich a - cot on to e students experi ence, 
including it~az n tle d onetrati n1 (2) those it ·S iuh are s_ecific 
questions and .uay ·be in he tudents experience although 'he student 
ay not be conscious of' this, and (3) appliea iorm i' t e rinciple 
beyond his present experience. 
Judging of items.- 'rhe test items were submit.ted to a nu:u er of 
in- service science teachers for cri ticima . Sane i terns v:ere revised 
and others eliminated on the basis of their jud@nent. Several 
su ~ ·estions ere made which were incorporated into new ~tems . he 
ite~s wore also given to a class of eighth grade pupils for the purpose 
of f ind..:....'r'lg w:>r s r expressions which were not fa.-n liar to th or in 
t. eir vocabulary. The oightl grade is mic.h ay between the seventh and 
ninth gra.do, f or which t he test is intended, and this articular 
ei hth grade dll not be used in tle research of this specific 
principle ~ 
310 Data on Co"""()perating Schools 
The school systems used in the survey.-.- The junior hi gh schools 
in two to~us l ocated i.11 estern Jas s achuset s were visited t o obtain 
su £i cient clata for t his report. Bot h com.rlWlities have approximate 
po tt.lations of eight thousa.11d and aro l ocated on the frln e area of a 
large city. Many peo l e he work in the city live in t hese residential 
areas . 
Both towns at present send thei r c'.il dren to hig-h schools in the 
ncarl:rJ city a t er grade nine . Local hie:h s chools Will be availaule 
in the .nea ... ft;.tu_ .. e . B th j unior hit h "'Chc.ols !1a'Vc a definite .science 
progr .. i n L~r~dea sovcm, ci 'h t, and nin<). I)rior to these eracles 
ocicnce 1~ taught on an lllformal leval . All t he ninth grade clftsses 
had :recei vod come instt .. uction during the year in the area in • hie 
thin s c.tence principle f al l .s - electr:l.ci ty, None of th seventh grade 
groups had recei ved classrcolll instruct ion , 
d! inistrati Ye and t ea ching ersonnel, as ~ell as the pupils in the 
cla.ssez test ·a, wer e very co.....operative and hel pful . 
To.vn A.- T wn A has no industry whatsoever. Its population is 
mostly of the mi ddle and upper mi ddle soci al.- econo:.nic group. There i s 
a great deal of i nt r est in the public school syot cm and i n the young 
peoples r activities.. The junior high school i s abou·t. thirty- thrl:!'e 
years ol d . It has haG. o. e !uajor add~ tion made about fifteen yoars ago. 
The s chool j _a Yery pleas ant and is kept i n excellent condi tion. 
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Student enrv.ll.ment has reached its capacity of abou.t t hree hundred 
thirty people. · A high school is in the process of constructi n, which 
will alleviate the~;;e crowded conditions .for the s ch ol and. it will 
beco~a o a two- year junior l1.igh school. · 
"'own D.- Town D ha$ some l ight industry and its popu..lation would 
be conh)idered middle soci al-ccono. ic. 'l'he junior high school i s 
loca·l:.oc. in a new plant ·w:hich serves grades four t hrough nine. The 
school is !i10dt>...m in every respect and local pri de is evi dent . 
f.lintribut:'i.on of pupil::; in co-oper ating school s . - In the t o 
co-operAt:Lnc; scJ1ool n s t errw, a t otal of ten clas._es was tested. A 
seventh and ninth r,rade wa.B t.est~::d at · t .lme on five occasions. ·r l e 
number of pu>ils for Tihich complet e data could be obtained in each 
erade and in each school is shO\m i n Table 2. 
Table 2. Distribution of Pupils in Co-operating Schools 
by School and Grade 
School Grade 7 G-rade 9 Total 
(1) {~) CD (4) 
A 26 20 46 
A 26 16 42 
B 24 27 Sl 
~ 27 23 50 
B 26 23 49 
Total. 129 109 238 
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4. Te"'t.in Procedure 
A<hinist-ring t he pr e- test. . - Penu · s .... i on as .4irst obtained 'r.Jm 
the a" .in~ : rt.rati n f oac. sch ,ol s •sten • , t hen the pri ncipal.- of 
'~ ~;h btlP d . ng int nded fo r use rero cont-:-ct(':d. After pen issi n as 
the clas eo to be t s t cd ere v'ait . • t 
th~. :.:. t:"!."_:e t."! pur p -se of the r search and t he s 
1 • ou .... :~..ne e. . Th . teachers a · Cf3 t he sol ction of teati ; d te and 
sche,· .1.lo · .,:ich , .. o d be ,e;,,;t.. . . r al. concerned. 
'fhe ':li ni s ruti • f' t H?. pr - t est, t he lec·i:.ur : ~ .1o str~ i on , 
a 1d t e po~:t-te"'t for the e.x:pBrimen ,al group ••at> ca.rri(:_,,_ out oy the 
inv sti t r. This asoured oimil rity i n ·,ell or t hG .... ivc; ::~itu · ti ns 
in 1'lhi<.!h . s proce~ure was carr :l. .d out • ~ne ,,. the cla.s.!'-:> J .1. 
te c e rs admini tered trm ._,ost- t .vt ach t· -:e ~uO tr e con t1 1 group as 
t c cl. s es -ere no,; ivi e~ and separated. 
A bri .f expl anation :) the purpose ')f \.his l·~. oearch preceded the 
t est· ng an,: t.h lole ... hearted oooperatL .. n of tlte pu~ ils u obtai ed. 
The sep rate ans er ~he •t s er., passe l 1 t and the s u ·ent. ere 
instructed t :; eo plete the required data. Instr ctions f' r t he se 
of t h · ans ,er ·-he ~t ~er written on t he sheet itsel f and als~ gi ven 
rally . .All quest· ons c neer nine; the answer ~l e Tore ans ered · t 
inG que[; i ns ediatcl • rio quos .~ons c uJ.. ti e as ed at this + . .... :u e • 
A s&'lple of t he t est of t 1e scie _ce rincipl e and tl e answer <>heet may 
b .... f ()und in t l ... a_ endix. 
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Determi!lation o:f oxpE-~rimental and control Lr oups.- In order t o 
me.s'.lre inci, ental learni g unc pJ:•act.ico e.t'fect. !rou pre-test to post-
tent, experi.m ntc.l g_nd contr3l t:roups ·were est,ablished. Upon he 
.~ . .. 
"\,.; . J :i!tion of t he p.r.e-test, each <!l ass 1--"'s divided by randorJ nuM ers 
accor ·1~ e to :m.t:tberr. p cvi msly pl aced on the .ansv: .r. ahcetr; . hi 
Gyst eL of' ramk . .~. s .l c ction is <:ascribed in the eeoo~'ld cik pter. : eu 
half of each cla~m ·.as sta"ld:L"1g1 as a roslllt of huvint; hnd their 
nuznbers r&~d., tho control t;roup in one clo,ss chan..;ed l'c o;ns it..lt t he 
oY.:pe rir.J.enta1 ;l"'Up of thB other. A nini murn o.f effvr·t and time <as 
Presentation of lecture - de:-nonstra'tion.- At t he previous meeting 
with t.he t e chcrs, t he location s.'.te f( r t he de.nonstration ·~as 
selected., An available cl .;;etric outlet YTaS ~ssential . ri r to he 
testing p~gr<J:n, during a roc .ss . =>riod or \hen tile rocm as vacant , 
t he d monstr- tion -was set up and covered ;"i !it a sheet. As so n as the 
oxperiment tu g 1"'0u) -as complete, th · d ·· 110ns t.ra:tion r'f&s uncovered. 
Very little time , as lo~;t betv·een the pre-t~sril and the pres e. tation of 
th de;•1onstr tj.on. The demonstration WM carrled out along the outline 
tmt1lno notee fr n a pr pared script, recited in conjunctif n with the 
actual dr:n.onst.r ..,ti on, insured simi1artty of presentati~.m e't eac· 
t estinG• A copy of t'1is script c ay be found in the ap~enclix. 
'l' e contr ol :;:roup~ in t he other classroom S~ll'J f il:o. str•ips or 
receivnd inotruction unrelated to the science principle being 
eemonstrated. 
A ·. , "'nistration of t he yost-test . - The post-test was admini tered 
i tne i ai:,ely u Jon completion of' tho lee uro - dcmonst;ration to both 
e.xp ritmntal and contr ol :_;;roups . 1'he investigator administered the 
post-test to t he exper:i.r:umtal group, hile one oi' t.he tcacl era 
a - inistered the test to t he control e;l"'Oup. Decause of t · e 1· i tation 
it s not poosible to repeat t he lecture - demonstr tion for t e 
control groups . 
Ad.ninistration of the mental test. - · It was necessal'Y to obtain 
the 1. ntal .matur·ty level of each student .in his investigation. 'l'he 
tis Quick- Scorinu ental Ability 'I' est r Beta Test Fona A was uoed in 
this otudy • In School A another f rm of this uame test ad been ·i ven 
a e1r .eoks nrior to his reoearch. 'I'he scores of these tests ere 
n <J.c..o uvoilaulo to the investigator. In School B all tests were 
' r es ,ntod within a period of a fow days . 
' e entire testin'' procc ure employed in this project is 
Table 3. Standard 'r cstin Procedm.~~l 
Period 
(1) 
re-test Period,. •• • • 
20 r inutes 
Denonstrat ion Period,. •• 
2 . inutes 
Activity 
{2) 
Complete seventh grade 
in own classroom 
Control Group of 50% o£ 
seventh Grade and 50% o£ 
ninth grade in unrelated 
acti v t y in a ro .n away 
f rom. de: ons · ration 
Control Group of $0 
of' caclL r<.1.de 
Activity 
(3) 
Catn lete ninth 
grade in their 
own classroo.,, 
Ex'porimental 
Group of 0, of 
seventh and 50,., 
of ninth ,.rade 
observlnu 
<ler· on trati n 
perimentaJ. Group 
oi,' SO;o o eaeh grade 
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CHJ\P'l' !m :tV 
STf '""ISTICAL I~OCE ~mm ll.ND R :SUIJl'S 
l . Preparing the r at !or stttistical Research 
Scorin ~ the test of mental ability•-- The tnst of ;aental a· ility 
wa"' scor d according to t he directions in the test , anual . u.-..e of a 
scorinc; key ade this task easit;r ., By use of the tables f unct in the 
:m.anuru, raw scores were converted to mental ages in months , and to 
intelli gence quotients . Tho tests were kept separated by schools 
a.n.d cla es to facilitate further use. This data was rec r ded and 
presented to the central office of the schools involved for their 
files . 
ScO'r int.; t.e 
nu:.tbored r.c cPch wrou.p of sheets titled to nake easy di .ferentiation 
betreen c.lasses and bet . een control and ex.t erimental sectir.;ns .; The 
m ·e-t , t and Jost-test on the science princi_;)le ere scored and the 
total. number corr ct ' as marked on each sheet• li.ll eases for which 
t here ra not co:-llplcte data •rore discarded~ This ms causod by some 
indiv:i ~uals beinu absent at the t·· 10 of admin stration o.f ither the 
·1ental a.bili ty test or the science principle test. 
Gollcctin tho data ,; - I~ ach in ividual. ha a separate car on 
h-ch ··m"-1 r ec, r ed all th. info:nnatton require in this r es arc..~ . 
'.:.hesc Cilrds • ere l<nc>m a8 the Pupil Record Car ~s or PRC • · ach card had 
t he P'?il ' s na~c, birth date, ~roup, grade, school, te cher' ~ nru e, 
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Otis form, ra: nc re,. in·tellieence quotient, sex, mental a5 e in onths , 
and the s core on oach ite~ of the science test !or both pre and post-
tests . The totals of' the original tests and the rescored tests >ere 
also recorded. A color code was used in recording science test scores . 
A red nark beside an item number indicated a correct response for that 
it on t he pre- test. A blue mark indicated a correct response for 
t hat item on the post-test. one cla ss or group was kept together as a 
deck of cards . By .fanning out these cards it was an easy matter to 
tabulate frequencies of r ecurring infon ation. A s&Tlple of the pupil 
recor d card mey be .found in the appendix. 
2. Perfo~1ance of Different ental Age Groups 
T o ... ental uge groups were based on the Otis score.s set up i n 
int ervala of t wel ve months . 'l'hase vlental ages ran--'·ed from eieht to 
oi ht een . 'l'he n bcr of cases in each age group and t he total nu'ilber 
of cnrrect responses on t he post- te3t or all groups were tabulated. 
The median and interquartile range for each mental age interval s 
deten. i n ed f ro:n this tabulation. 
The perfm:. anco of each mental age l evel on the post-test of the 
principle of' electrical resistance f or the control and ex.· er· ental 
groups is given in 1' able 4 and •r able S. 
15 
Table 4. P ,rfor. ance of' Dii'ferent ental gc roups 
on Post-; st or Pri i plc .for Control 
P·pulation 
Ucntal A e Number of 1edian of Interquartile 
Range in Testees Post-Test Ran~""e of the 
Years Scores Po!rt.- Tost ~:>Cores 
(1) (2) (3) ~4) 
18 - 19 ••• ••• 14 21 17 - 23 
17 - 18 •••••• 13 19 16 - 22 
16- 17 •• • ••• 21 14 12 - 17 
1.5 - 16 •• • ••• 21 12 11 - 14 
14 - 15 •••••• 22 10 9 - 13 
13- 14 ••• •• • 1.1 9 9 - 10 
12 - 1) ••• •• • 11 12 10 - 1.3 
11 - 12 •••• • • 1 ll ia-ll 
10 - 11 •••••• 2 10 *10 - 11 
9 - 10 • •• •• • 2 8 -..6 - 9 
8 - 9 ••• •••• 1 10 *-10 
Total • • • ll9 
* There ere only one or t> ca·· es at these :~ental a . e 
levels, there£ ·re, t.he ra 'I sc u·o of the science tests 
are l isted. 
Table 5. Perf r.n.ancc of Different · ntal Age Groupe 
on Post-'l'es t Principle for Experi:l ental 
Population. 
ental At;e tful.nber of edian of Pol!lt- Intcrqnartile 
Range in 'l'cstees Test Scores an e of the 
Post-'l'est 
Sc res 
{I~ ~2~ Cl ~ ~IiJ 
18 - 19 ••• •• • 11 22 21 - 23 
17 - 18 •• •••• 22 20 18 - 2) 
16- 17 •• • ••• 21 19 17 - 21 
15 - 16 . .. .... 26 17 15 - 19 
14 - 15 • • •••• 14 16 1) - 17 
13 - 1lh •• • •• 11 1.3 11 - 15 
12 - 1) •••• •• 6 11 9 - l.3 
ll - 12 •••••• 5 11 10 - ll 
10 - u . .. . .. 3 9 8 - 9 
Total 119 
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J. The It Analysis 
The r aprescntati ve class.- It was desired i n .Jlis study to have 
cl sefl that COUld be called reprcsentnti ve OI all cla~:>SC~ r t the 
ninth rad lovol . It as ass n t hat tll re ere t • bers 
in ~ny class at ;.>th en do of a distribution who would ot be con-
0 .cred n )_. al ·o t t clas • Tho i d- ei ht y ercent of a class is 
'el· oved, f r tho ·rJUl"') ...:c o.f this otudy, to be a t ypical class . !I 
Th~r~forc, the top 10 pcrce1t and t ~bottom 10 percent f each cl ass 
mre said t devlrte a t:r1: ical cl ··a . It was thus necessary to 
l oc te t he mid-eight y percent of e ch class. 
Det ~n: inati-:>n of the .:lid-eight y percent .- Fr.:)l;l a f requency able 
of the Oti s raw scores, the ean and st.an.dard deviation was obtained 
f or each of the ten parti cipating clasc.•es . The arithmetic mean was 
found by use of th f nnula: 
~1ere 
M: il'+ ff'~i 
N 
repre~zent. the mean, M' the asstllJied mean, [fc/ t he sum of 
frequencies , ul tiplied by their res )eet.i ve deviations , ~ t he total 
n .. ber of frequencies, i the clnss interval . 
'l'he f'or.uula use for calculating the s tandard deviation l hen 
~~ an ass . ed ;nean for s cores of a frequency table isa 
(j = L~ i~d2. -(~ r 
in ich <T is the stnn .ard deViation, { fd2 the sum of the frequencies 
A. Oxendine, 
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multiplied by the square o£ their respecti ve deviations, and other 
symbols as preViously noted~ 
The standar d devi tion multiplied by the const.u1t 1 . 28 yielded 
px duct i eh, i !en added to and subtracted 1'rCAn the mean, gave the 
upper , · d lo~·ier li:n:.i. ts of the mid- ei ghty p ~rcont. Tl ese results w re 
roWlded o.ff to tho nearest mole rrwilber. gach deck of pupil roc -rd 
cards as arranged in ascendinG order according to the Otis ra score. 
Cards bearing scores beyond the .mid-eighty percent limits 1mr . r e_ oved 
and mar ked deviates . These deviates ;uro not used further i n th · s 
study. Due to chance . assi.nr; of the Otis Jcores at t he upper or 
l oller l evels, a check was t1a:de to scertain that exactly eiehty percent 
of each class r . ained. Adjustments were aade wh re necessary in 
order to retain the required e itthty percent. 
Purpose of item analysis.- It was desired to detemi ne those 
it . s of t 1e s · ·· ence t est at ~ere not ser ving well and cli.-rnin te 
these items in the final analysis uf da:t:.a. 
Procedure for . item. analxsis .- The 1 t analysis s based on the 
per i'o:rmanc o t he upper and lower t wenty-seven percent of each . rade 
l evel . All these eases mre pooled to .:f'onn four gl;'oupe, ( 1) t.lo.le upper 
ninth grade, (2) the l ower ninth grade, ()) the upper sove. th cr e, 
and (4) the 1 er seventh grade. I<'our notations ere made for e.ch 
it • 1he .frequency with hich tho it •1 was marked correctly 
reco.r•ded. The i ndividual i t · s in each group were anal;y--zed separately 
as to tho frequency nth which an item wao (1) ans r ed correctly on the 
pre- t st only, ( 2) answered correctly on both the pre- test and th 
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post- test, ( 3) answered correctly on t he post-test onl y , and (4) answered 
incorrectly on both the pre- test and the post-test . 'l'hese f requencies 
vere chan-;cd to pro...,ortions passing each item on both the nx·e-test and 
t h e post- teot .• 
11 In tho r:nu tiplc- choict;, "type of test .• * ... l ucky guessinG in-
creases a student • s score con· idel~atlly a.nd also incrensos he 
prop:;rtion ·f passing indi,rlduals . Proportions that are thus 
arti ficially inflated because of' the factor o£ g1.1essing s hould 
not or dinarily be used for scaling purposes unless corrections 
for uessinrT are made. "l/ 
v -
The pr oportions passing each s cilmce test i te.11 .-ere ap;>licd to 
2/ 
a c:tart pr epared by Ouilf'ord- to facil itate the correction to be made 
for b'Uessing. 
J/ 
The corrected proportions pas:>ing 'ere then us ed on 
Davis 1- table to determine t he difficulty index nnd ~'le discriminating 
in ex for ca.ch it an for each group. Only the difficulty index, ho ever, 
was used i n this study. 
Criteria for eliminating ite;ns .. - All iteu.1s of t;1e s cience 
principl test were subjec-ted to t he foll omng cr-lteriat 
1. 1ihen the difficulty i ndex for the item indicates no 
gn.in or decrease from the loi*Jr grade to the hi gher grade. 
2. !tGI11S that a e t oo easy, that is, v.iten 75% of the "' upils 
in the lower grade ge t the item correot on the pro-test. 
3• Itcns that are too difficult, hat is, when 25% r l oss 
of t .e pupils in the hi,;her grade fail. to ge t the item 
:dght on be pont test. ( aftor exper i encing the l earning 
situation) 
'f/ J ,. P • Guilt rd, li'undamental Statis tics in Psychology and Bducation, 
fJ:cGr a Bill Book C< l.J?a.DY, Inc., lie~ York, 1:150, p . 55o. 
2/Ibi d., 552 
_........._...,. 
) / Frederick B. Davis , Item- Analysis Data, 'l'heir Computation, Interpre-
tation, and Use in Test Construction, Graduate School of Education, 
Harvard Universi ty, Cambridge, 1946, Appendix B, p •. 4.3. 
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4~ Jhen the difficulty index indicates no ain f r om the 
pre- test t o the post- test at both grade l evels on any item.. 
5. -vhen the di£ iculty index shows a gain a.t the lower rade 
and a loss at ·the upper ·rude from pre- te"'t to p t. t-te t . 
AnY item found not to be serving iYell ras elilllinated fro;, the 
final te ·t on the s cience prinoi1le• A total. o£· twelve it s w re 
cl:C i nated by l'ollov.ing thesa criteria., Sane itans were dropped a. 
result :t more ti an one criteria~ Criteria 4 appeared ten times, 
criterlon .), seven times, and criterion 1, t'our times. 
The items failing to ' eet these standards are mar:;:ed th an 
asteriek on the test in the a:p ~ endix. The item an<ll.ysis as done on 
t he e:m c:ri1nental group only. 
4. Test of Principle 
Rescoring tests.- All t ests on the science principle were 
rescored using only the i t ans which prov~d to be serving well . These 
rer.1aining i ·hteen items now coi:nposed the test of the science 
principle on electrical resistance £or 'Which all re.'fl ining statistical. 
computations were made . 
Deter.ninin t th~ reliabilitl·- Because the test had been taken 
t nee on the seue pr1nciple., the relia illty coUld be found on the 
test-t•etest ; et wci. 'l'o f ind ·the r elia: ility the Pearson l.,roduot-
1
-oment Coefficient o · Correlation was used. The Pearson correlation 
as computed from a .scatter d1agr~ by tho io ula: 
~· -CxCd Y"'=- -F 
<lx <J'j 
bere N is the total f requency, x 1 and Y' are the deviations fro 1 the 
assumed mean in ter.;ls of class intervals s a unit, ex' · and Cy are 
corrections in X and Y in class-interval units, and ~ and oy ·are 
standard deviations in X and Y in terms of the class interval as the 
unit... The re- test was distributed along the X- axis and the post- test 
alon~ the Y~axia. 
Jnl.y the control groups rTcre used in computint; the reliability 
coef"'i.oient.. The coefficient of reliability ms found to .. 71 for 
the 3e"lcnth rade test and . 8$ f or the ninth grade test. 
Determin:Ln the l evel of test mastery.- The level of . astery was 
:efined i:iS the ocore a pupil must achieve in order to · ndicate t hat 
he had su 'ficicnt. kno•'llcdge d understanding of the principle . To 
obtain a score to repreoent the level of raa.stcry it ras f irst necessar.y 
to find the mean and standard deViation for each group on the pre- te ... t 
and on the post-test. The rescored test reaults were used for these 
calculations. T ble. 6 and 'I able 7 show the mean and standard devia-
tions o:f t he pre-test and post-test t or the control nnd experimental 
groups . The standard error of the obtained measure ( crt) was found 
for each group from the fonnula; 
in which rr is the standard deviation and r the reliability found f rom 
Pearson' s correlation coefficient foxmula. 
The level o mastery was obtained by multiplying the standard 
error of obtaint!d measure by 2 • .58, which is the one percent level of 
sif,'nifiuance, and subtract· n t his x·esult fro .• the rrum.ber of items on 
the :re cor ed test . Expressed as a £omula this ould be a 
L= K'-J..s-eat 
: era L is tho l evel of mast r y, K the number of test iteJ. s in the 
rescored test. 
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Table 6 . . ean and Standard Dcv:i:ation . of the Pre-Test for Seventh 
an.d Nint h Grade F;xpor intental and Control Population on 
the Rescored ~rest of the Science Principle. 
Experimental Population 
Grade lean 
{2} . 
Seven... ...... . 6 • .32 
, ino ., •••••••••• ll. 71 
standard 
Deviation (31: 
2.76 
2. 84 
. Control Population 
Standard 
~ ean Devlation 
(4) (5) 
6.67 
10.94 
2.90 
2.69 
' Table 7. ean and standard DeViation of the Post-1'est for Seventh 
and. Ninth Grade r~:xperimental and Control Population on 
the Rescored 'I'est of the Science Principle. 
F..xperilllental Population Control Population 
Standird Standard 
Grade ean DeViat·on ean Deviation (1) (2) ~3) (4) <?> 
Seven •••••• •••• 7.43 2.26 ll,lO 2,!)$ 
Nine ••••••••••• 12.02 2.94 1.3.94 2.12 
Dcterrfdning the proportions p ssing.- vrnen the level of asteey 
e ... tabliohed and rounde · .ff t o -the nearest nhole number, the 
.frequencies in each roup at or above this number were counted. This 
number of passing in each group was divided by the total nurubel~ or 
cases in that group to yield t 1e proportions passing. 
Table 6 and Tabl e 9 show means, standar d deviations, and 
proportions pas :Jing n the pre-test and post-test .for th sliJventh and 
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ninth grade · control and experimental roup. , 
Table 8. treans, Standard Deviation, and l,roportion Passing on the 
I're-'i'est and ost-rre.,t for the Seventh and t~inth Grad 
Control Group on the escored Science Principle Test 
Pre-Test Post-T st 
,..tandard Proportion st.andard Proportion 
Grade ·1ean Devlation Passing in .. an Devi tion · Passing in 
Percentage Percentage 
{~} ~~l (Jl tlil ~sJ:. : t5l {71 
Seven 6. ,32 2.76 O% 7.43 2. 26 O% 
Nine 11. 71 2. 84 19% 12.02 2.94 29% 
Table 9. eans, s tandard . eviation, and Proportion Passing on the 
Pre-mest and Post- est for the Seventh and 'inth Grade 
Experimental Group on tle Rescored Science Princi le Test 
Pre-Test Post-Test 
Standard Propo;rtion Standard Pl':>portion 
Grado ·~can DeViat i.:on Pnssing in Mean .Devia.tion Passing in 
Percentage Percent 
q) {?) (.3) lij) ~S) {6) <v 
seven 6.67 2.90 S% ll.10 2.55 lh~ 
Nine 10. 94 2.69 11% 13.94 2.12 46% 
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CHAPTER V 
1 . Concl usions 
1'his .., tudy is 1 rt f a ueh l ar er, long-range research being 
co~ducted by ... ~: i r ar etude s in the l£1 T''n[;].· n area, tt . pting to 
establish or ascertain an "index of learning abili tyn f r series 
af oci nee Jrincipli:ls . 1'/.is purticular renearch is the first 
i 1westiga· ion along thesn lines of the s cience principle, 11all objects 
offer a resi~tanee to an electric eurt~ent, ich produces h at, and, 
if the heat is intense enou! h, produces light" ,.. 'abl es B nd 9 sh 1t 
that in the control population t · ere as a slight increase in the . eana 
frotJ the pre-test to the post-test. '.l.' hi~ can be contr ibuted to the 
practice effect on the post-test. The experir.~ental groups raade a ore 
si ·nif'iC t e;ain1 indicatin r that SO.''ll.B kno led 70 and understa ding of 
t he princi lo was acquired as a result .£ the l ecture ... demonstr tion.-
Th percent of master,r of the test in the seventh grade exper· ental 
eroup increased ran 5' .. to 14$~ · mile the ninth grade exper i.'nental 
group ' s I.Llastcry increcsed l'r am 11;~ to 46%. · 
The total increase in percent of · aste:r.r of the test of' th 
seventh t;;rado experih ontal gr.oup over the control croup was 9 • 'l'he 
total increase in percent mastering the test of the ninth ·:rade 
experineatal group over the control croup was .3.S: • Althou"'h oth 
experimental erou•.)s sho·wed ·an i ncrease over their control gro,.lps, it 
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i s ost significant at the ninth gr ade level . , 
'l'he hit:;hest percont of those ho reached the mal:iteey level or 
above l ' 46% ... or· 6 ade nine. Until lnrger population is tested and 
a level of' 50f pa .. sing is established, a positive conclunion cannot be 
reached. l o ever, the results indicate t hat if 46"" of any cl ss s ows 
the degree of lmowledge and understanding necessary to ster a test, 
which i n t io c.:se as 8) correct responses or etter, e princ.ple 
· s f ·· rly ::lose to level, 1horc it c:m be presented 't i th opt um 
reaul ts . l~ airly safe as sun ption uld b~: ·that this 
be prt;:scated in the last half year o£ the ninth grade :rl th sali · s!actory 
2. Heoo.nendations for lt'urther Research 
This princ·ple eh uld be presented to u l arger popul tion at the 
sa:: e grade levels at mich this study was ct.mducted. 'l'his research 
.as car.-ried out in sinal.l to me; other type::. of populat-ions. should 
· investlgatcd. 
Th in\'--esti ator ! owtd t hat the random m.linber method o! -~vi din · 
a class to form expe~.&,;.,.tental and control groups was not effective i n 
clcu;wcs i'iith • t,;call m.u:aber • Auothe;r mews ' f class division should 
be ·1ploycd to ·et more equal sroupin" . A possi"td.e rf)eans uld to 
ad :li.nLter the .ontal. abil·' ty t.est })ri.or to .the lecture - er onstr a:l:iion. 
On , c bD. i... f these so-.:> res, groups c<mld be divided and equated 
~- r-lor to he exper:i ental situation. 
Tho rel.i{i :ility coe.t 'icients oi.' the "'Cience test for the seventh 
nintl"! e;r ades of .71 and . B!), respectively, a.re acoe . te.ble f r this 
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study. Ho ever, a l onger test .may be ore reliable. Future 
investi!;atOl"S may rlsh to add i tal s rE'.moved here as a result f th 
itern analysis -. l 'his should no destroy ·t. .1e val11e of this proli:ninary 
investi~atio.n. 
11• o ap,~ aratu.s, complete ., · t operating i str.J.ctions, and 't e ta 
recordil'l , are vailable i: r further research at the o.t i c f tl e 
Jir~ctor o ... Sci~Jnca Educati on, f;chool f Bd·cati on, ~aston Univers.i.ty• 
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TEST ON SCIENCE 
1. Which of the f ol l owing appliances depends on the resistance in an 
el ectr ic conductor? 
(a) an electric blanket 
(b) an electric stove 
(c) a coffee percolator 
(d) all of the above 
2. Which of the following statement s will not influence the resistance 
of a wire? 
(a) the color of the wire 
(b) the thickness of the wire 
(c) the length of the wire 
(d) the kind of wir e 
3. A fuse is ~sed to: 
(a) prevent overheating in the cir cuit 
(b) relay current in the circuit 
(c) change the direction of current i n t he circuit 
(d) produce current in the circuit 
4. Which of the f ollowing materials has the greatest resi stance to an 
electric current? 
(a) silver 
(b) copper 
(c) iron 
(d) glass 
5. An object which offers a great deal of r esistance to an electric 
current is called : 
( a) a conductor 
(b) an appliance 
(c) a res i stance 
(d) an insulator 
6. The basic cause of light is: 
(a) heat 
(b) electricity 
(c) fire 
(d) chemical reaction 
7. Which of the forms of energy always re~ult from resistance of conductors 
to the flow of electricity? 
(a) chemical energy 
(b) sound energy 
(c ) light energy 
(d) heat energy 
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B. The heat effect of an electric current is made use of in ant 
(a) electric motor 
(b) electromagnet 
(c) electric lamp bulb 
(d) electric fan 
9. Which of the following electrical appliances does not depend upon 
electrical resistance in order to ·operate? 
(a) a toaster 
(b) an electric mixer 
(c) an electric roaster 
(d) a waffle iron 
10. What material is used as a resistance in an electr ic light bulb? 
(a) silver 
(b) copper 
(c) tui1gsten 
(d) carbon 
11. Heating devices may be used on: 
(a) either direct current or alternating current 
(b) direct current only 
(c) alternating current only 
12. A current of electricity flowing through a wire: 
(a) has no effect on the wire 
(b) produces heat 
(c) causes the wire to get shorter 
(d) causes the wire to move 
13. The coil of wire in a heater element becomes red hot, while the copper 
wire that leads the current to the heater element remains fairly coolt 
(a) because the copper wire has a high resistance 
(b) because the coil of wire in the heater element has higher resistance 
(c) because the coil of wire in the heater element has low resistance 
(d) because the copper wire is insulated 
14. When salt is added to water it: 
(a) increases the resistance of the solution to an electric current 
(b) decreases the resistance of the solution to an electric current 
(c) stops all current from flowing through the solution 
(d) has no effect on the ability of the solution to conduct electricity 
15. A fuse wire should have a: · 
(a) high resistance and a high melting point 
(b) high resistanc~ and a low melting point 
(c) low re$i~t~nce and a low melting point 
(d) low resistance and a high melting point 
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16. When an electric stove is turned on: 
(a) light is not produced until the coil is very hot 
{b) light and heat are noticed at the same time 
(c) heat is not produced until the coil starts to glow 
(d) the coil becom~s hot immediately 
17. When a fuse 11blows", it is probably because: 
(a) the wires of the house have more resistance to an electric 
current than the fuse 
(b) the wires of the fuse became hot and melted 
(c) the fuse is carrying more current than the wires 
(d) the fuse is old and has become weakened 
18. The unit for measuring electrical resistance is called: 
(a) <m a'llpere 
(b) a ~-Jettt 
(c) <:m ohm 
(d) e. Yolt 
19. When an electric current can take one of several branche~as in a 
parallel circuit, the current will: 
(a) divide evenly in all branches 
(b) flow mostly in the branch with the highest resistance 
(c) flow mostly in the branch with the lowest resistance 
(d) stop flowing 
20. Metals expand when heated. What effect would this have on power 
lines on telephone poles when current is flowing through them? 
(a) The lines would sag. 
(b) The lines would get tighter. 
(c) There is no effect on the lines. 
(d) Insulation keeps lines from becoming heated. 
21. Which of the following conditions will not influence the amount of 
heat generated in a conductor by an electric current flowing through it? 
(a) the length of time the current flows 
(b) the resistance of the conductor 
(c) the amount of insulation 
(d) the amount of current flowing 
22. To be effective, toasters, heaters, electric irons, and other heating 
appliances must have a large flow of current. This means that the 
appliances must have: 
(a) high resistance 
(b) a great deal of insulation 
(c) long wires making up the heating element 
(d) low resistance 
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23, The reason that an electric iron does not glow is because: 
(a) Its resistance is too high. · 
(b) Its resistance is too low. 
(c) Steel does not glow when hot. 
(d) It does not get hot enough. 
24. Sometimes the insulation covering extension cords becomes brittle and 
cracked: 
(a) because the cord is old 
(b) because the heat of the wire drys out the insulation 
(c) because the cord has had little use and became dried out 
(d) because the cord has had a lot of use and wore out 
25. In the home, which of the following appliances has the greatest 
res istanc8? 
(a) toaster 
(b) iron 
( c) light bulb 
( Q) coffee percolator 
26. If four light bulbs of different sizes were connected in series so each 
received the same amount of electrical cutrent, which bulb would 
produce the greatest amount of heat ? 
(a) the first bulb through which the current passes 
(b) the bulb with the lowest resistance 
(c) the bulb with the highest resistance 
(d) there wi l l be no difference because .all receive the same 
amount of current 
27. Pure water: 
(a) 
(b) 
(c) 
(d) 
has a very low resistance to electric current 
conducts electricity easily 
has a very high resistance to electric current 
has no resistance to an electric current 
28. If a wire 100 feet long has a resistance of 4 ohms, how long must a 
piece of the same wire be if it had a resistance of 1 ohm? 
(a) 104 feet 
(b) 25 feet 
(c) 400 feet 
(d) 96 feet 
29. A toaster produces light as well as the heat to toast bread because: 
(a) so much electric current passing through it causes it to get red-hot 
(b) light helps in t he toasting of bread 
(c) its resistance t o electric current is very high 
(d) heat always produces light 
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30. In order to protect our homes from fire, the wires in the walls 
should be: 
(a) well insulated 
(b) low resistance wires 
(c) high resistance wires 
(d) very thin wire for conduction. 
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Test ANSWER SHEET 
---
Name 
----------------------------
Gr ade 
----------------------------
Date 
-----------------------------
Name of School 
-----------------------------
uoy ( ) Girl ( ) Check 
Date of Birth 
.Month Day Year 
INS'I'HUCTIONS 
~lace the letter of the answer 'Which you think is the 
best ans;er for each question in t.he t.est booklet, 
opposite its nu.'llber at the side of this page . That is, 
i.t' you think answer 11a" is the best anffi er fo.r No . 1, 
put after No . J. in the space provided, a • Do not 
mark the test booklet . ANSWER EVF.J.1Y QUESTIOlv. 
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23. 
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24. 
---25. __ _ 
26. 
---
27. 
---
28. 
---
29. __ _ 
30. 
---
The d onstration script.-- You have just completed a test on 
science and you L'lay bo wonderin ~ mat this ia till ~bout . You are 
ta!dn&; part in an experiment to try and find out h • ouch you alr dy 
kno a ut a sin ,. e science principle and ho much you can learn fro 
a d uonstration you are about to see . To do thi.., you , ·11 again be 
asi~eti to ®Stlsr ..;o:Jo questions at the end of' this short demonstra ·on, 
so watch and listen carefully. If ;;ou have any questions I w.1.11 dis-
cuss therll ~';ith you &~er tho test. 
As you c tell :fro t e test you have just taken, the scien 
prin iple d als rlth elec.tricity. ( Uncover d .1onstration) Dut, actually 
we are only .•oing to talk about a very snall part o£ the field of 
electricity today. This part of the stud:, of electricity d als 
electrical resistance . A science principle tells u what happens under 
certain condition • An exanple of science principl is - all objects 
offer a resistance to an electric current,. ~hich produces heat , and, 
if the heat is ill;tense en.ough, it produces li rht. 
The condition necessary for this science pripciple is an electric 
current . ;·1hen I turn on this sm teh ( doing so) you see i."l tho front 
of this p · 1el, 'l light bulb rt:r.ich is glomng. . This indicates that an 
electr.Lc current is Uordnn in the circuit . Whenever a current no s 
i.t meets opposi.tion or resistance, just us ~hen you push a b ok over 
t e top i' your desk, you have to usc energy to n1alre it . ove. I t 
resists l>eine moved. All objects o.t ... er resiotance to ·ov ent over 
an electr-lc current thr ouah them. c•omo objects offer more resist ce 
than others . Let us test a f'ew examples to see what objec·t.s offer a 
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gr · t deal of resistance and v· L"'t o j ots .ffo.r little r sistance. I 
- going to pl-ce in this ci rcuit a pi »ce of steel doin so) and you 
~·e, tho.t t he liuht bul.b is Btill glo rln~:;, . Thi indicates th t a 
c:2rrcnt . S Uo d.ng, SO •ted nfl.'el.~s e.ou e resistance ·to an electric 
current . I UJ. no use DO; c ot~ er · aterialo u..ich I ~ill nn:n.e ~ I 
pl eo thein i n the circuit . You 11 tch the light, bulb to see if it 
Coiilplctes the circuit, letti tl c cur. -nt now. l.Oi bout iron? 
(pau e fter · ach Material n..:· ed, a:no~n ti.. c to carry out o' r tions 
de"'criood) Ye"'. Copper, ye- • Zinc, yes . ~ow, here I have . a pi c _ of 
metal called nichr a wire which is used in our toasters i nd in any 
heating deVices. Again; yes . A piece o.£ l'JOod? lfo . The resi·•tanc 
-of the od to an electric current is so great that current could not 
now. Glass? No, and for ·t:.ne sante reason as it :would not t low in 
the wood. I ts resistance is too great. -No , , I wou.1d like to use 
be er o~ water . By con."lecting these clips to ter.rJ.nals placed in 
tap .~rtcr-, (various descr ibed operations being carried ut) you that 
the bulb elo ·"' very dimly. 'I' his indicates that the ater is offering 
quite a. bit o:l resistan.c<~ to t h f lo v of curr nt. Uow, I ro ~ oin : to 
pour a little co:uu1on table salt into th bealter and you 1a ch the 
light bulb carefuily. (pau ·c) See, it is starting to &;et brir;ht~r 
th .. (')re salt that I add, the brir,hter the bulb O\l '-> . '.this sho that 
t" e ~olution of ~tar and salt, has little renistanc to electricity 
'1ere the pla.ln - ater had great deal. This also s ho s that the less 
resLt;mee t here is, th more current will be allo e to flow. Let e 
repeat tha first p rt of t.he principl , th, t we have ju,Jt en demon-
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trated - all bject s offer a resistance to an el ctrical current, so. e 
a 1 t , ~ e ver.y little . 
The second part o our principle is - resis t ance prod c "O heat. 
Jur·t a ·ou rub your hands to ether, your hands beco:uo due 
to ... riction; oo a .,.aterial t 1at as electr'l.city flo ring t ro .h it 
·ill be co .. e a.rii1 • to electrical riction. Let me s Ol you th t 
heat i"' re l y pl"'duced ... hen a curr t o\o s t hr ouGh a a.t .rial . I 
il l place t his h t:)a .in · cl(XIlent in the i ndo :r of the panel (doing so) 
so t ut a current lfill flow t 1ro h it 1 n I turn on the s tch . 
No , here, ( pointing) you se a glass tube with a scale beside i t 
· ich is going to act us a themometer and ill indicate to y u when 
this coil becanes nn. By placin " different si e bulbs in this 
ocket I am "oi no to limit the am unt of current that can PO hroUBh 
the coil a.'1d control the amoWlt of.' heat produced s so~ e o£ t h 
electric encr is used to overc tlle sistance of ·he ooU (pl ce 
100 t t bulb in r eceptacle) . orr, so, i you , 8:3' see the re · liquid 
in our then o:ueter just starting to rise. So, a little current 8ll8 
only a -. all anount of ener i s u.,ed to overc . e f riction and produces 
hoat . Lot •s Dee 1hat hap)t;rts when we l · t more current no in the 
circuit. { 1 ce 200 tt bulb in circuit) ~ol y u can see that h re 
is d ·finit r· se in t1e ailpera ure . ore enerGy is being c ant;ed 
to h at ecau··e it tak s re ener to overco· the resist· ce . T 
has illustr•ted the econd rt o tle s cience principle- resistance 
to an electric current produces heat . 
9S 
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L t me Ulust.ro.te to you n~>w he third rt of our principl - th t 
thi h. at, a re ul t of electrical re is ance, if ..:.. t bee ea 
enough,. lrl.ll produce light . (place f u::Je n circuit) You have "'·ot to 
watch fort tiin s this t e . So far th coil in the window f th 
panel .as not changed. It still l ooks the same, even ough our 
t hemo .teter s l.own us that it has be e an " tch both the coil 
eter s I turn on tle switch. doin~ so) You oo very 
rapid rise in tet.:peratur • lis i i oat a that the coil is beco ng 
ver--.r ' ot, ood ne th coU-i t is ""tartinr: to glow red. It is no 
<i vi r off li -"ht . This has illU4t •nted t. 'le third part of our 
principle - l.a.t 1 eat, 'i: on it i s stron no 1 will ake li 1t . 
Let ' s reViow the three part of this ocience prlncipl • ne, all 
objects resi t an electric curr nt. Two, this resistance caus the 
m teri to give off heat, nd three, as he material gets hot enou , 
it gives off li ·ht . 
· lo , f or thr e act ic 1 applic tions . .e h ve already ..,e n one -
that is the light bulb you h · ve seen burning on the panel . current 
pas ~es throu the ungsten Uament . 'l'he resintance of the t.unrrsten 
to th curre:-t t cau od i t to become hot. In fact , it ecame so hot that 
it ave orr a ~re t d al of lic;ht and I ad 'to se a older to change 
the bulbs. r: o , f or a veey rapid demonstra:tion of t : is principle, I 
have hare et een t ro nails on this board, a piece . f alumin r il 
t.hich v.: 1 e.ct :...s a fu..,e in the circuit. hen 1 turn on the sWitch 
t he curl .. ,nt . 11 el.o · thrml r"h the al:umin f oil . The resistance will 
cause e o1 inum f :Ll to becou1e hot nd t te heat will prod ce li ~ht. 
atch clos ly ecause this ' ill happen ver!'.f fast , (thro switch) You 
see, we have blown the fuse . The heat, due to resistance, mel ted the 
i'uae i n a nash of li ~ht , . 'l'he laat. application that I will sho ;.ou 
i n this demonstration is on~ y'ou arc all famlliar with - a toaster. 
(attach clamps to terminals) atch the toaster · nd ;you will see that 
it soon starts to glow. •my? It glowo because an electric current 
heats the conductor through which it passes', \ e can use this h ati 
ef ··eet in elect ric heating dev-.lces such as the eleot:dc 1 ater and 
to ster, but also in lighting ap l1ances such as the incandescent b 
and electric arc. 
tet me ro~cat this science principle once nore. All obj cts 
o fer a re lotance to an electric curre."lt. This resistance produces 
heat and the heat "''ay produce li~ht. 
t.ill you no pl ease answer the qu€st.ions in t he test booklets 
!J ,ich I rill pa.ss out to you'! '1'hank you for your COO.Puration. 
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Plat 1. lt'r-ont Vie f Dem:mstrati n Layout 
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Plate 2. I ear View of Demonstration Layout 
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